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Chapter 1 Introduction 


About this manual 


The purpose of this manual is to help you service and overhaul the 
Ford 6.9L and 7.3L light truck diesels and General Motors automobile and 
light pickup truck 5.7L and 6.2L diesel engines. 

The manualis divided into Chapters. Each Chapter is sub-divided into 
Sections, some of which consist of consecutively numbered Paragraphs 
(usually referred to as "Steps", since they're normally part of a procedure). 
If the material is basically informative in nature, rather than a step-by-step 
procedure, the Paragraphs aren't numbered. 

The first three Chapters contain material on servicing and maintaining 
Ford and General Motors engines, electrical, cooling and emissions sys- 
tems. Chapter 4 covers the specifics of the overhaul procedure. Compre- 
hensive Sections covering tool selection and usage, safety and general 
shop practices have been included. 

The term "see illustration" (in parentheses), is used in the text to indi- 
cate that a photo or drawing has been included to make the information 
easier to understand (the old cliche "a picture is worth a thousand words" 
is especially true when it comes to how-to procedures). Also, every at- 
tempt is made to position illustrations directly opposite the corresponding 
text to minimize confusion. The two types of illustrations used (photo- 
graphs and line drawings) are referenced by a number preceding the cap- 
tion. Illustration numbers denote Chapter and numerical sequence within 
the Chapter (i.e., 3.4 means Chapter 3, illustration number four in order). 

The terms "Note", "Caution", and "Warning" are used throughout the 
text with a specific purpose in mind — to attract the reader's attention. A 
“Note” simply provides information required to properly complete a proce- 
dure or information which will make the procedure easier to understand. 
A "Caution" outlines a special procedure or special steps which must be 
taken when completing the procedure where the Caution is found. Failure 
to pay attention to a Caution can result in damage to the component being 
repaired or the tools being used. A "Warning" is included where personal 
injury can result if the instructions aren't followed exactly as described. 

Even though extreme care has been taken during the preparation of 
this manual, neither the publisher nor the author can accept responsibility 
for any errors in, or omissions from, the information given. 


How diesel engines are different 


There are many similarities between diesel and gasoline engines but 
itsthe differences involved with the ignition ofthe fuel that makes the serv- 
icing and repairing of a diesel engine unique. The diesel engines covered 
by this manual operate on the same four-stroke principle (intake, com- 
pression, power and exhaust) as most gasoline powered engines. But, in- 
stead of igniting the fuel and air in the cylinder during the third (power) 
stroke by introducing a spark from the spark plug as on a gasoline engine, 


the diesel engine uses compression ignition. Compression ignition occurs 
when the extremely high compression ratio of the diesel engine (18:1 to 
24:1 as opposed to gasoline engine ratios of 5:1 to 14:1) compresses the 
air in the cylinder until it's hot enough (around 1000-degrees F) to ignite 
when fuel is injected. 

A gasoline engine has both an ignition system and air/fuel mixture in- 
duction system for controlling engine speed. The diesel is much simpler 
because it needs only the fuel injection pump and injectors for delivering 
the fuel at the precise moment when ignition can occur. An unrestricted 
supply of air is supplied by the intake manifold. 

Another unique feature of the diesel engines covered by this manual 
isthat an electric glow plug system operates when starting the engine and 
until combustion chamber temperatures sufficient to sustain self-ignition 
are reached. Starting fluid must never be used with the diesel engines cov- 
ered by this manual, because the glow plugs remain hot when the intake 
valves are open and can ignite the fluid, causing a flame to travel back 
through the intake manifold. Personal injury and/or engine damage could 
occur. 

Diesel fuel comes from a lower petroleum distillate than gasoline and 
itlubricates the fuel pump and injectors, reducing wear in the engine. The 
cetane number of diesel fuel indicates it's ignition quality; the higher the 
number, the faster it burns, making for easier starting and smoother run- 
ning. Dieselfuel contains more energy and burns more air per volume than 
gasoline, which partially accounts for a diesel's greater efficiency. 

There are, however, several disadvantages to diesel fuel. It contains 
paraffins (waxes), it's volitility is affected by temperature more than gaso- 
line is, it absorbs moisture readily and it contains ten times more sulphur 
than gasoline. At lower temperatures (10-degrees F and below) number 
two diesel fuel will become cloudy (this is called the “cloud point") because 
the pariffins crystalize, clogging the fuel filter. If cold enough, the fuel can’t 
be poured or pumped (“pour point”), so different blends of fuel are required 
for summer and winter driving. 

Water in diesel fuel can corrode the injectors and encourage bacteria 
(which feed off the sulfur) to grow in the fuel, leading to contamination 
problems. The sulfur can also accelerate wear because it forms corrosive 
deposits in the engine. Consequently, devices such as water sensors and 
separators are used in diesel fuel systems and care must be taken to 
change the fuel filter and engine oil and filter on a regular basis. 

Gasoline engines use intake manifold vacuum to operate components 
such as the brake booster. Since diesel engines have unrestricted air in- 
take, there is very little vacuum. Vacuum pumps are required to operate 
accessories. 

Diesel engines offer several advantages over gasoline engines, partic- 
ularly in the area of fuel efficiency, low-speed torque and reliability. One 
of the reasons diesel engines tend to get better mileage than gasoline en- 
gines is because they burn fuel more completely. Diesel fuel exhaust, 
when the engine is properly tuned, actually have fewer hydrocarbons and 
carbon monoxide than gasoline exhaust. 
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Glossary of terms 


A 


Additive — A material added to fuels and lubricants, designed to improve 
their properties such as viscosity, cetane, pour point, film strength, etc. 


Afterglow — The period during which the glow plugs continue to operate 
after the engine is started. 


Ambient — Surrounding on all sides. 


Atmospheric pressure — The weight of the air, usually expressed as 
pressure; the air pressure at sea level is 14.7 psi. 


Atomization — Breaking up of the fuel into fine particles, so it can be mixed 
with air. 


BDC - Bottom Dead Center. 
Biocide — A bacteria-killing compound used in diesel fuel. 
Black smoke — Incompletely burned fuel in the exhaust. 


Blow-by — A leakage or loss of pressure past the piston into the crank- 
case. 


Blue smoke — Caused by blowby allowing crankcase oil in the combus- 
tion chamber due to bad rings, valve seals, or other faulty components 


BTU — British Thermal Unit. 


By-pass oil filter — An oil filter that removes soot and carbon by continual- 
ly filtering 20 percent of the engine oil 


С 


Calibration — Adjusting the rate, speed and timing of fuel delivery in an 
injection system. 


Calibration oil — Oil which is used in a tester for checking injection 
nozzles, meeting SAE J967D specifications 


Cetane number — The number indicating the ignition quality of diesel fuel, 
similar to the octane rating of gasoline. 


Ceton filter — A sock-type filter in the fuel tank capable of wicking diesel 
fuel, but not water; keeps water from the rest of the fuel system until the 
Sock is 90 percent submerged in water. 


Clearance volume — At Top Dead Center, the volume measurement of a 
combustion chamber. 


Cloud point — The temperature at which paraffin crystals in diesel fuel 
separate out of solution and start to crystallize. 


Coalescing action — The process of smaller water droplets merging to- 
gether into larger droplets which takes place in a water separator. 


Compression ignition — The burning an air/fuel mixture in the combus- 
tion chamber by compressing it sufficiently to raise its temperature above 
the flash point of the fuel and injecting into the combustion chamber so that 
it begins to burn spontaneously. 


Compression ratio – The clearance volume of an engine cylinder divided 
by its total volume. 


Control module — A device used when starting a diesel engine which con- 
trols the fast idle, glow plug temperature, preglow time and afterglow time; 
also known as a controller. 


Crankcase Depression Regulator (CDR) — A device which aids in the 
control of crankcase gases by maintaining a specific amount of vacuum in 
the erankcase. 
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Delivery lines — Fuel lines used to carry fuel from the injection pump to the 
injector nozzles. 


Delivery valve — An injection pump valve that rapidly decreases injection 
line pressure to an achieve an abrupt fuel cutoff at the injector. 


Diesel fuel — A petroleum-based middle distillate suitable as a fuel for die- 
sel engines. 


Diffusion — Mixing the molecules of two gases by thermal agitation. 


Diode — An electronic device that permits current to flow through it in one 
direction only. 


Dispersant- Dispersing or scattering in various directions; a state of mat- 
ter in which finely divided particles of one substance (disperse phase) are 
suspended in another (dispersion medium) substance. 


Dissipated — Scattered in various directions. 

Distributor injection pump — An injection pump using pistons which 
pressurizes fuel for injection in the proper cylinder based on the relative 
port position of the rotating shaft in the hydraulic head. 


Dribble- Insufficiently atomized fuel issuing from the nozzle ator immedi- 
ately following the end of the main injection phase. 


Duration — The period of time during which anything lasts. 

Dynamic timing meter — A GM diesel tool used for measuring timing 
while the engine is running by using a quartz sensor in the combustion 
chamber that measures the point of combustion and converts this to tim- 


ing in degrees of crankshaft rotation through the use of a magnetic crank- 
shaft pickup and microprocessor. 


E 


Eccentric — One circle within another circle not having the.same center. 


Exhaust Gas Recirculation (EGR) — Redirecting exhaust gases back 
into the combustion chamber to reduce peak combustion temperatures. 


Exhaust Pressure Regulator (EPR) — A device for increasing exhaust 
backpressure at specific times to increase exhaust flow to the EGR valve. 


F 


Flash point — The temperature at which fuel self-ignites. 


Fuel advance system — Advances fuel delivery during cold starts on GM 
vehicles. Consists of a thermal-sensitive solenoid on the intake manifold 
which sends a signal to the HPCA terminal, which opens a ball-check 
valve on top of the injection pump housing. With pump housing pressure 
reduced, the timing mechanism has less resistance to overcome and op- 
erates earlier, advancing fuel delivery 3 degrees. 


Fuel return line — The fuel line that returns excess fuel from the injectors 
back to the fuel tank or inlet side of the injector pump. 


G 


Glow plug — An electrical heating device that helps diesel engines start 
andrun smoothly when cold by creating heat in the pre-combustion cham- 
ber. 


Governor — A device that controls the speed of an engine within specified 
limits. 


Injection lag —the time interval (usually expressed in crankshaft degrees) 
betweenthe nominal start of injection pump delivery and the actual start of 
injection at the nozzle. 


Injection nozzles — See "Injector nozzles." 
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Injection pump — A pump which delivers fuel to the pre-combustion 
chambers at a high pressure so the injector can overcome compression 
and combust during the injection process. 


Injection pump governor — A device which controls fuel delivery to limit 
the minimum and maximum engine speeds, as well as intermediate 
throttle positions. 


Injection timing — The matching of the pump timing mark, or the injector 
timing mechanism, to some index mark onthe engine components, so that 
injection will occur at the proper time with reference to the engine cycle. 
Injection advance or retard is respectively an earlier, or later, injection 
pump delivery cycle in reference to the injection cycle. 


Injector nozzles — Small spring-loaded valves with nozzles which inject 
fuel into the combustion chamber. 


Injector opening pressure — The point at which injection pump fuel pres- 
sure overcomes nozzle valve-spring resistance, or combustion chamber 
pressure, so that fuel is injected into the pre-combustion chamber. 


In-line fuel heater — A 100-watt heater which is integral to the fuel line. 
This heat warms the fuel prior to the filter to keep paraffin crystals from 
stopping fuel flow. The heater warms the fuel by 20 degrees. 


L 


Leak-off pressure — Manufacturer-specified pressure used to test injec- 
tor leakage on a pop tester. 


Manometer — Instrument used for measuring the pressure of liquids and 
gases. 


Micron — One-millionth of a meter. 
Min/max governor — Controls the idle speed and prevents overspeed. 
Module – Electronic control unit that controls the glow-plug system. 


Moisture content — The amount of water contained in diesel fuel. 


N 


NOx - Oxides of nitrogen, a pollutant; a component of diesel exhaust. 


Number one diesel fuel — Diesel fuel used in cold climates; sometimes 
blended with number two diesel fuel to increase number one's energy and 
two's cold-weather performance. 


Number two diesel fuel — Diesel fuel used in moderate climates. 


О 


Orifice — A restriction to flow in a line or tube. 


P 


Paraffin — A semi-transparent, waxy mixture of hydrocarbons, derived 
principally from the distillation of petroleum; any hydrocarbon of the meth- 
ane series. 


PCV — Positive Crankcase Ventilation. 


Peak pressure period — The phase of diesel combustion lasting from 
about five degrees before top dead center to about 10 degrees after top 
dead center; the majority of diesel fuel burns during this period. 


Pencil-type injector — An early GM injection nozzle. 


Poptester— Aninjectortesting tool used for measuring opening pressure, 
leakoff pressure and spray patterns of injectors 


Positive Crankcase Ventilation (PCV) system — A system for crank- 
case ventilation that returns crankcase blowby gases to the intake man- 
ifold where they are sent to the combustion chambers for reburning 


Pour point — The temperature at which diesel fuel can no longer be 
poured or pumped 


Pre-chamber- A precombustion chamber built into the cylinder head that 
creates turbulence in the incoming air. Sometimes called a swirl chamber. 


Pre-glow — The period of time when the glow plugs are heating to operat- 
ing temperature. 


S 


Sock - The fuel pick-up strainer in the fuel tank. The sock is made of sa- 
ran, so water won't enter until the sock is virtually engulfed in water. 


Supply pump — A pump that transfers fuel from the tank and delivers it to 
the injection pump. 


Swirl — Rotation of the mass of air as it enters the cylinder is known as 
"swirl." This is one form of turbulence. 


T 


Thermal switch — A bimetal switch that controls glow plug operation. 


Transfer pump — Part of the fuel injection pump; boosts fuel pressure 
from around 20 psi to about 130 psi, depending on the pump and the en- 
gine speed. 


V 


Vacuum pump – A device for creating vacuum to power various systems 
such as power brakes and other components. 


Vacuum regulator valve — A device for controlling vacuum from the vacu- 
um pump to the transmission, cruise control and other components that 
need a regulated vacuum source based on throttle position. 


Viscosity — A liquid's resistance to flow. 


үү 


Water separator — A device for removing water from the fuel, located in 
the fuel line of diesel engines. 


White smoke — Unburned fuel emitted by the exhaust that indicates low 
combustion chamber temperatures. 


Buying parts 


Commonly replaced engine parts such as fuel filters, piston rings, pis- 
tons, bearings, camshafts, lifters, timing chains, oil pumps and gaskets 
are produced by aftermarket manufacturers and stocked by retail auto 
parts stores and mail order houses, usually at a savings over dealer parts 


department prices. Many auto parts stores and mail order houses offer 
complete engine kits, often at a considerable savings over individual 
parts. 

Less-commonly replaced items such as injectors and lines may not be 
available through these same sources and a dealer service department 
may be your only option. Keep in mind that some parts will probably have 
to be ordered, and it may take several days to get your parts; order early. 
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Wrecking yards are a good source for major parts that would otherwise 
only be available through a dealer service department (where the price 
would likely be high). Engine blocks, cylinder heads, crankshafts, man- 
ifolds, etc. for these engines are commonly available for reasonable 
prices. The parts people at wrecking yards have parts interchange books 
they can use to quickly identify parts from other models and years that are 
the same as the ones on your engine. 


A place to work 


Establish a place to work. A special work area is essential. It doesn't 
haveto be particularly large, butit should be clean, safe, well-lit, organized 
and adequately equipped for the job. True, without a good workshop or ga- 
rage, you can still service and repair engines, even if you have to work 
outside. But an overhaul or major repairs should be carried out in a shel- 
tered area with a roof. The procedures in this book require an environment 
totally free of dirt, which will cause wear if it finds its way into an engine. 


The workshop 

The size, shape and location of a shop building is usually dictated by 
circumstance rather than personal choice. Every do-it-yourselfer dreams 
of having a spacious, clean, well-lit building specially designed and 
equipped for working on everything from small engines on lawn and gar- 
den equipment to cars and other vehicles. In reality, however, most of us 
must content ourselves with a garage, basement or shed in the backyard. 

Spend some time considering the potential — and drawbacks — of your 
current facility. Even a well-established workshop can benefit from intelli- 
gent design. Lack of space is the most common problem, but you can sig- 
nificantly increase usable space by carefully planning the locations of 
work and storage areas. One strategy is to look at how others do it. Ask 
local repair shop owners if you can see their shops. Note how they've ar- 
ranged their work areas, storage and lighting, then try to scale down their 
solutions to fit your own shop space, finances and needs. 


General workshop requirements 


A solid concrete floor is the best surface for a shop area. The floor 
should be even, smooth and dry. A coat of paint or sealant formulated for 


concrete surfaces will make oil spills and dirt easier to remove and help 
cut down on dust — always a problem with concrete. 

Paint the walls and ceiling white for maximum reflection. Use gloss or 
semi-gloss enamel. It's washable and reflective. If your shop has win- 
dows, situate workbenches to take advantage of them. Skylights are even 
better. You can't have too much natural light. Artificial light is also good, 
but you'll need a lot of it to equal ordinary daylight. 

Make sure the building is adequately ventilated. This is critical during 
the winter months, to prevent condensation problems. It's also a vital safe- 
ty consideration where solvents, gasoline and other volatile liquids are be- 
ing used. You should be able to open one or more windows for ventilation. 
In addition, opening vents in the walls are desirable. 


Electricity and lights 

Electricity is essential in a shop. It's relatively easy to install if the work- 
shop is part of the house, but it can be difficult and expensive to install if 
it isn't. Safety should be your primary consideration when dealing with 
electricity; unless you have a very good working knowledge of electrical 
installations, have an electrician do any work required to provide power 
and lights in the shop. 

Consider the total electrical requirements of the shop, making allow- 
ances for possible later additions of lights and equipment. Don't substitute 
extension cords for legal and safe permanent wiring. If the wiring isn't ade- 
quate, or is substandard, have it upgraded. 

Give careful consideration to lights forthe workshop. A pair of 150-watt 
incandescent bulbs, or two 48-inch long, 40-watt fluorescent tubes, sus- 
pended approximately 48-inches above the workbench, are the minimum 
you can get by with. As a general rule, fluorescent lights are probably the 
best choice. Their light is bright, even, shadow-free and fairly economical, 
although some people don't care for the bluish tinge they cast on every- 
thing. The usual compromise is a good mix of fluorescent and incandes- 
cent fixtures. 

The position of the lights is important. Don't place a fixture directly 
above the area where the engine — or the stand it's mounted on — is lo- 
cated. It will cause shadows, even with fluorescent lights. Attach the 
light(s) slightly to the rear — or to each side — of the workbench or engine 
stand to provide shadow-free lighting. A portable "trouble-light" is very 
helpful for use when overhead lights are inadequate. If gasoline, solvents 
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or other flammable liquids are present— not an unusual situation in a shop 
— use special fittings to minimize the risk of fire. And don't use fluorescent 
lights above machine tools (like a drill press). The flicker produced by alter- 
nating current is especially pronounced with this type of light and can 
make a rotating chuck appear stationary at certain speeds — a very dan- 
gerous situation. 


Storage and shelves 

Once disassembled, an engine occupies more space than you might 
think. Set up an organized storage area to avoid losing parts. You'll also 
need storage space for hardware, lubricants, solvent, rags, tools and 
equipment. 

If space and finances allow, install metal shelves along the walls. Ar- 
range the shelves so they're widely spaced near the bottom to take large 
or heavy items. Metal shelf units are pricey, but they make the best use 
of available space. And the shelf height is adjustable on most units. 

Woodshelves (seeillustration) are sometimes a cheaper storage so- 
lution. But they must be built — not just assembled. They must be much 
heftier than metal shelves to carry the same weight, the shelves can't be 
adjusted vertically and you can't just disassemble them and take them 
with you if you move. Wood also absorbs oil and other liquids and is ob- 
viously a much greater fire hazard. 

Store small parts in plastic drawers or bins mounted on metal racks at- 
tached to the wall. They're available from most hardware, home and lum- 
ber stores. Bins come in various sizes and usually have slots for labels. 

All kinds of containers are useful in a shop. Glass jars are handy for 
storing fasteners, but they're easily broken. Cardboard boxes are ade- 
quate for temporary use, but if they become damp, the bottoms eventually 
weaken and fall apart if you store oily or heavy parts in them. Plastic con- 
tainers come in a variety of sizes and colors for easy identification. Egg 
cartons are excellent organizers for tiny parts like valve springs, retainers 
and keepers. Large ice cream tubs are suitable for keeping small parts to- 
gether. Get the type with a snap cover. Old metal cake pans, bread pans 
and muffin tins also make good storage containers for small parts. 


Workbenches 

A workbench is essential — it provides a place to lay out parts and tools 
during repair procedures, and it's a lot more comfortable than working on 
a floor or the driveway. The workbench should be as large and sturdy as 
space and finances allow. If costis no object, buy industrial steel benches. 
They're more expensive than home-built benches, but they're very strong, 
they're easy to assemble, and — if you move —they can be disassembled 


quickly and you can take them with you. They're also available in various 
lengths, so you can buy the exact size to fill the space along a wall. 

If steel benches aren't in the budget, fabricate a bench frame from 
slotted angle-iron or Douglas fir (use 2 x 6's rather than 2 x 4's) (see illus- 
tration). Cut the pieces of the frame to the required size and bolt them to- 
gether with carriage bolts. A 30 or 36 by 80-inch, solid-core door with 
hardboard surfaces makes a good bench top. And you can flip itover when 
one side is worn out. 

An even cheaper — and quicker — solution? Assemble a bench by at- 
taching the bench top frame pieces to the wall with angled braces and use 
the wall studs as part of the framework. 

Regardless of the type of frame you decide to use for the workbench, 
be sure to position the bench top at a comfortable working height and 
make sure everything is level. Shelves installed below the bench will make 
it more rigid and provide useful storage space. 


Tools and equipment 


For some home mechanics, the idea of using the correct tool is com- 
pletely foreign. They'll cheerfully tackle the most complex overhaul proce- 
dures with only a set of cheap open-end wrenches of the wrong type, a 
single screwdriver with a worn tip, a large hammer and an adjustable 
wrench. Though they often get away with it, this cavalier approach is stu- 
pid and dangerous. It can result їп relatively minor annoyances like’ 
stripped fasteners, or cause catastrophic consequences like blown en- 
gines. It can also result in serious injury. 

A complete assortment of good tools is a given for anyone who plans 
to overhaul engines. If you don't already have most of the tools listed be- 
low, the initial investment may seem high, but compared to the spiraling 
costs of routine maintenance and repairs, it's a deal. Besides, you can use 
a lot of the tools around the house for other types of mechanical repairs. 
We've included a list of the tools you'll need and a detailed description of 
what to look for when shopping for tools and how to use them correctly. 
We've also included a list of the special factory tools you'll need for engine 
rebuilding. 


Buying tools 

There are two ways to buy tools. The easiest and quickest way is to 
simply buy an entire set. Tool sets are often priced substantially below the 
the cost of the same individually priced tools — and sometimes they even 
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1.2 You can build a sturdy, inexpensive workbench with 4 X 4s, 2 X6s and a solid core door with hardboard laminations — or 
build a bench using the wall вх an integral member ex shown 
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come with a tool box. When purchasing such sets, you often wind up with 
some tools you don't need or want. But if low price and convenience are 
your concerns, this might be the way to go. Keep in mind that you're going 
to keep a quality set of tools a long time (maybe the rest of your life), so 
check the tools carefully; don't skimp too much on price, either. Buying 
tools individually is usually a more expensive and time-consuming way to 
go, but you're more likely to wind up with the tools you need and want. You 
can also select each tool on its relative merits for the way you use it. 

You can get most of the hand tools on our list from the tool department 
of any large depariment store or hardware store chain that sells hand 
tools. Blackhawk, Cornwell, Craftsman, KD, Proto and SK are fairly inex- 
pensive, good-quality choices. Specialty tools are available from mechan- 
ics' tool companies such as Snap-on, Mac, Matco, Kent-Moore, Lisle, 
OTC, Owatonna, etc. These companies also supply the other tools you 
need, but they'll probably be more expensive. 

Also consider buying second-hand tools from garage sales or used 
tool outlets. You may have limited choice in sizes, but you can usually de- 
termine from the condition of the tools if they're worth buying. You can end 
up with a number of unwanted or duplicate tools, but it's a cheap way of 
putting a basic too! kit together, and you can always sell off any surplus 
tools later. 

Until you're a good judge of the quality levels of tools, avoid mail order 
firms (excepting Sears and other name-brand suppliers), flea markets and 
swap meets. Some of them offer good value for the money, but many sell 
cheap, imported tools of dubious quality. Like other consumer products 
counterfeited in the Far East, these tools run the gamut from acceptable 
to unusable. 

If you're unsure about how much use a tool will get, the following ap- 
proach may help. For example, if you need a set of combination wrenches 
but aren't sure which sizes you'll end up using most, buy a cheap or me- 
dium-priced set (make sure the jaws fit the fastener sizes marked on 
them). After some use over a period of time, carefully examine each tool 
inthe setto assess its condition. If all the tools fit well and areundamaged, 
don't bother buying a better set. If one or two are worn, replace them with 
high-quality items — this way you'll end up with top-quality tools where 
they're needed most and the cheaper ones are sufficient for occasional 
use. On rare occasions you may conclude the whole set is poor quality. 
If so, buy a better set, if necessary, and remember neverto buy that brand 
again. 

in summary, try to avoid cheap tools, especially when you're purchas- 
ing high-use items like screwdrivers, wrenches and sockets. Cheap tools 
don't last long. Their initial cost plus the additional expense of replacing 
them will exceed the initial cost of better-quality tools. 


Hand tools 


Note: The information that follows is for early-model engines with only 
Standard fastener sizes. On some late-model engines, you'll need Metric 
wrenches, sockets and Allen wrenches. Generally, manufacturers began 
integrating metric fasteners into their vehicles around 1975. 


A list of general-purpose hand tools you need 
for general engine work 
Adjustable wrench — 10-inch 
Allen wrench set (1/8 to 3/8-inch or 4mm to 10 mm) 
Ball peen hammer — 12 oz (any steel hammer will do) 
Box-end wrenches 
Brass hammer 
Brushes (various sizes, for cleaning small passages 
Combination (slip-joint) pliers — 6-inch 
Center punch 
Cold chisels — 1/4 and 1/2-inch 
Combination wrench set (1/4 to 1-inch) 
Extensions — 1-, 6-, 10- and 12-inch 
E-Z out (screw extractor) set 
Feeler gauge set 
Files (assorted) 
Floor jack 
Gasket scraper 
Hacksaw and assortment of blades 
Impact screwdriver and bits 


Locking pliers 

Micrometer(s) (one-inch) 

Phillips screwdriver (no. 2 x 6-inch) 

Phillips screwdriver (no. 3 x 8-inch) 

Phillips screwdriver (stubby — no. 2) 

Pin punches (1/16, 1/8, 3/16-inch) 

Piston ring removal and installation tool 
Pliers – lineman's 

Pliers — needle-nose 

Pliers — snap-ring (internal and external) 
Pliers — vise-grip 

Pliers — diagonal cutters 

Ratchet (reversible) 

Scraper (made from flattened copper tubing) 
Scribe 

Socket set (6-point) 

Soft-face hammer (plastic/rubber, the biggest you can buy) 
Standard screwdriver (1/4-inch x 6-inch) 
Standard screwdriver (5/16-inch x 6-inch) 
Standard screwdriver (3/8-inch x 10-inch) 
Standard screwdriver (5/16-inch — stubby) 
Steel ruler — 6-inch 

Straightedge — 12-inch 

Tap and die set 

Thread gauge 

Torque wrench (same size drive as sockets) 
Torx socket(s) 

Universal joint 

Wire brush (large) 

Wire cutter pliers 


What to look for when buying hand tools 
and general purpose tools 


Wrenches and sockets 

Wrenches vary widely in quality. One indication of their cost is their 
quality: The more they cost, the better they are. Buy the best wrenches 
you can afford. You'll use them a lot. 

Start with a set containing wrenches from 1/4 to 1-inch in size. The 
size, stamped on the wrench (see illustration), indicates the distance 
across the nut or bolt head, or the distance between the wrench jaws — 
not the diameter of the threads on the fastener — in inches. For example, 
а 1/4-inch bolt usually has a 7/16-inch hex head – the size of the wrench 
required to loosen or tighten it. However, the relationship between thread 
diameter and hex size doesn't always hold true. In some instances, an un- 
usually small hex may be used to discourage over-tightening or because 
space around the fastener head is limited. Conversely, some fasteners 
have a disproportionately large hex-head. 

Wrenches are similar in appearance, so their quality level can be diffi- 
cult to judge just by looking at them. There are bargains to be had, just as 


1.3 One quick way to determine whether you're looking at n 
quality wrench is to read the information printed on the 
handle — if it says "chrome vanadium" or "forged," it's 
made out of the right material 
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1.4 The size stamped єт a wrench indicates the distance mross 
the nut or bolt head (or the distance between the wrench jaws) in 
inches, not the diameter of the threads on the fastener 


there are overpriced tools with well-known brand names. On the other 
hand, you may buy what looks like a reasonable value set of wrenches 
only to find they fit badly or are made from poor-quality steel. 

With a little experience, it's possible to judge the quality of a tool by 
lookingatit. Often, you may have come across the brand name before and 
have a good idea of the quality. Close examination of the tool can often 
reveal some hints as to its quality. Prestige tools are usually polished and 
chrome-plated over their entire surface, with the working faces ground to 
size. The polished finish is largely cosmetic, but it does make them easy 
to keep clean. Ground jaws normally indicate the tool will fit well on fasten- 
ers. 

A side-by-side comparison of a high-quality wrench with a cheap 
equivalentis an eye opener. The better tool will be made from a good-qual- 
ity material, often a forged/chrome-vanadium steel alloy (see illustra- 
tion). This, together with careful design, allows the tool to be kept as small 
and compact as possible. If, by comparison, the cheap tool is thicker and 
heavier, especially aroundthe jaws, it's usually becausethe extra material 
is needed to compensate for its lower quality. If the tool fits properly, this 
isn't necessarily bad — it is, after all, cheaper — but in situations where it's 
necessary to work in a confined area, the cheaper tool may be too bulky 
to fit. 


1.6 Box-end wrenches have a ring-shaped "box" 41 each end - 
when space permits, they offer the best combination of “grip” 
and strength 


мап 


1.5 Open-end wrenches кап do several things other wrenches 

can't – for example, they кап be used un bolt heads with limited 

clearance (left) and they can be used in tight spots where there's 

little regm to turn е wrench by flipping the offset jaw over every 
few degrees of rotation 


Open-end wrenches 

Because of its versatility, the open-end wrench is the most common 
type of wrench. It has a jaw on either end, connected by a flat handle sec- 
tion. The jaws either vary by a size, or overlap sizes between consecutive 
wrenches in a set. This allows one wrench to be used to hold a bolt head 
while a similar-size nut is removed. A typical fractional size wrench set 
might have the following jaw sizes: 1/4 x 5/16, 3/8 x 7/16, 1/2 x 9/16, 9/16 
x 5/8 and so on. 

Typically, the jaw end is set at an angle to the handle, a feature which 
makes them very useful in confined spaces; by turning the nut or bolt as 
farasthe obstruction allows, then turning the wrench over sothe jaw faces 
in the other direction, it's possible to move the fastener a fraction of a turn 
atatime (see illustration). The handle length is generally determined by 
the size of the jaw and is calculated to allow a nut or bolt to be tightened 
sufficiently by hand with minimal risk of breakage or thread damage 
(though this doesn't apply to soft materials like brass or aluminium). 

Common open-end wrenches are usually sold in sets and it's rarely 
worth buying them individually unless it's to replace a lost or broken tool 
from a set. Single tools invariably cost more, so check the sizes you're 
most likely to need regularly and buy the best set of wrenches you can af- 
ford in that range of sizes. If money is limited, remember that you'll use 


1.7 Box-end wrenches are available in 12 (left) and 6-point (right) 
openings; even though the 12-point design offers twice as many 
wrench positions, buy the 6-point first — it's less likely to strip off 

the corners of a nut ur bolt head 
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1.8 Buyaset of combination wrenches from 1/4 to 1-inch 


open-end wrenches more than any other type — it's a good idea to buy a 
good set and cut corners elsewhere. 


Box-end wrenches 

Box-end wrenches (see illustration) have ring-shaped ends with a 
6-point (hex) or 12-point (double hex) opening (see illustration). This al- 
lows the tool to fit on the fastener hex at 15 (12-point) or 30-degree 
(6-point) intervals. Normally, each tool has two ends of different sizes, al- 
lowing an overlapping range of sizes in a set, as described for open-end 
wrenches. 

Although available as flat tools, the handle is usually offset at each end 
to allow itto clear obstructions near the fastener, which is normally an ad- 
vantage. In addition to normal length wrenches, it's also possible to buy 
long handle types to allow more leverage (very useful when trying to loos- 
en rusted or seized nuts). It is, however, easy to shear off fasteners if not 
careful, and sometimes the extra length impairs access. 

As with open-end wrenches, box-ends are available in varying quality, 
again often indicated by finish and the amount of metal around the ring 
ends. While the same criteria should be applied when selecting a set of 
box-end wrenches, if your budget is limited, go for better-quality open-end 
wrenches and a slightly cheaper set of box-ends. 


Combination wrenches 

These wrenches (see illustration) combine a box-end and open-end 
ofthe same size in one tool and offer many of the advantages of both. Like 
the others, they're widely available in sets and as such are probably a bet- 
ter choice than box-ends only. They're generally compact, short-handled 
tools and are well suited for tight spaces where access is limited. 


Adjustable wrenches 

Adjustable wrenches (see illustration) come in several sizes. Each 
size can handle a range of fastener sizes. Adjustable wrenches aren't as 
effective as one-size tools and it's easy to damage fasteners with them. 
However, they can be an invaluable addition to any tool kit — if they're used 
with discretion. Note: If you attach the wrench to the fastener with the mov- 
able jaw pointing in the direction of wrench rotation (see illustration), an 
adjustable wrench will be less likely to slip and damage the fastener head. 

The most common adjustable wrench is the open-end type with a set 
of parallel jaws that can be set to fit the head of a fastener. Most are con- 
trolled by a threaded spindle, though there are various cam and spring- 
loaded versions available. Don't buy large tools of this type; you'll rarely 
be able to find enough clearance to use them. 


Ratchet and socket sets 

Ratcheting socket wrenches (see illustration) are highly versatile. 
Besides the sockets themselves, many other interchangeable accesso- 
ries — extensions, U-drives, step-down adapters, screwdriver bits, Allen 


1.9 Adjustable wrenches ran handle a range of fastener sizes — 
they're not as good as single-size wrenches but they're handy for 
loosening and tightening those odd-sized fasteners for which you 

haven't yet bought the correct wrench 


1.10 When you use mn adjustable wrench, make sure the 
movable jaw points in the direction the wrench is being 
turned (arrow) so the wrench doesn't distort and slip off 

the fastener head 


bits, crow's feet, etc. — are available. Buy six-point sockets — they're less 
likely to slip and strip the corners off bolts and nuts. Don't buy sockets with 
extra-thick walls — they might be stronger but they can be hard to use on 
recessed fasteners or fasteners in tight quarters. 

Buy a 3/8-inch drive for work on the outside of the engine. It's the one 
you'll use most of the time. Get a 1/2-inch drive for overhaul work. Al- 
though the larger drive is bulky and more expensive, it has the capacity 
of accepting a very wide range of large sockets. Later, you may want to 
consider a 1/4-inch drive for little stuff like ignition and carburetor work. In- 
terchangeable sockets consist of a forged-steel alloy cylinder with a hex 
or double-hex formed inside one end. The other end is formed into the 
square drive recess that engages over the corresponding square end of 
various socket drive tools. 

Sockets are available in 1/4, 3/8, 1/2 and 3/4-inch drive sizes. A 
3/8-inch drive setis most useful for engine repairs, although 1/4-inch drive 
sockets and accessories may occasionally be needed. 

The most economical way to buy sockets is in a set. As always, quality 
will govern the cost of the tools. Once again, the "buy the best" approach 
is usually advised when selecting sockets. While this is a good idea, since 
the end result is a set of quality tools that should last a lifetime, the cost 
is So high it's difficult to justify the expense for home use. As far as acces- 
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1.11 Atypical ratchet and socket set includes a ratchet, a set of 
sockets, a long and a short extension, a universal joint and a 
spark plug socket 


1.12 Lots of other accessories are available for ratchets: From 
left to right, a breaker bar, a sliding T-handle, а speed handle and 
a 3/8-to-1/4-inch adapter 


— 1.13 Deep sockets enable you to loosen or 
» tighten an elongated fastener, or to get at a 
nut with a long bolt protruding from it 


sories go, you'll need a ratchet, at least one extension (buy a three or six- 
inch size), a spark plug socket and maybe a T-handle or breaker bar. Other 
desirable, though less essential items, are a speeder handle, a U-joint, ex- 
tensions of various other lengths and adaptors from one drive size to 
another (see illustration). Some of the sets you find may combine drive 
sizes; they're well worth having if you find the right set at a good price, but 
avoid being dazzled by the number of pieces. 

Above all, be sure to completely ignore any label that reads “86-piece 
Socket Set," which refers to the number of pieces, not to the number of 
Sockets (sometimes even the metal box and plastic insert are counted in 
the total!). 

Apart from well-known and respected brand names, you'll have to take 
a chance on the quality of the set you buy. If you know someone who has 
a set that has held up well, try to find the same brand, if possible. Take a 
pocketful of nuts and bolts with you and check the fit in some of the sock- 
ets. Checkthe operation of the ratchet. Good ones operate smoothly and 
crisply in small steps; cheap ones are coarse and stiff — a good basis for 
guessing the quality of the rest of the pieces. 

One of the best things about a socket set is the built-in facility for ex- 
pansion. Once you have a basic set, you can purchase extra sockets 
when necessary and replace worn or damaged tools. There are special 
deep sockets for reaching recessed fasteners or to allow the socket to fit 
over a projecting bolt or stud (see illustration). You can also buy screw- 
driver, Allen and Torx bits to fit various drive tools (they can be very handy 
in some applications) (see illustration). Most socket sets include a spe- 


cial deep socket for 14 millimeter spark plugs. They have rubber inserts 
to protect the spark plug porcelain insulator and hold the plug in the socket 
to avoid burned fingers. 


1.14 Standard and Phillips bits, Allen-head and Torx drivers will 
expand the versatility of your ratchet and extensions even further 
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1.15 Torque wrenches (click-type on left, — 
beam-type un right) are the only way to 
accurately tighten critical fasteners like 


connecting rod bolts, cylinder head bolts, etc. 


1.18 The impact driver converts m sharp blow into a twisting 
motion — this is a handy addition to your socket arsenal for those 
fasteners that won't let go — you can use it with any bit that fits a 

3/8-inch drive ratchet 


Torque wrenches 

Torque wrenches (see illustration) are essential for tightening critical 
fasteners like rod bolts, main bearing cap bolts, head bolts, etc. Attempt- 
ingan engine overhaul without a torque wrench is an invitation to oil leaks, 
distortion of the cylinder head, damaged or stripped threads or worse. 

There are two types of torque wrenches —the "beam" type, which indi- 
cates torque loads by deflecting a flexible shaft and the "click" type (see 
illustrations), which emits an audible click when the torque resistance 
reaches the specified resistance. 

Torque wrenches are available in a variety of drive sizes and torque 
ranges for particular applications. For engine rebuilding, O to 150 ft-Ibs 
should be adequate. Keep in mindthat "click" types are usually more accu- 
rate (and more expensive). 


Impact drivers 

The impact driver (seeillustration) belongs with the screwdrivers, but 
it's mentioned here since it can also be used with sockets (impact drivers 
normally are 3/8-inch square drive). As explained later, an impact driver 
works by converting a hammer blow on the end of its handle into a sharp 
twisting movement. While this is a great way to jar a seized fastener loose, 
the loads imposed on the socket are excessive. Use sockets only with dis- 
cretion and expect to have to replace damaged ones on occasion. 


1.16 The deflecting beam-type torque 1.17 "Click" type torque wrenches 
wrench is inexpensive and simple to une — 
just tighten the fastener until the pointer 
points to the specified torque setting 


can be set to "give" af a pre-set torque, 
which makes them very accurate and 
easy to use 


Using wrenches and sockets 

Although you may think the proper use of tools is self-evident, it's worth 
some thought. After all, when did you last see instructions for use supplied 
with a set of wrenches? 


Which wrench? | 

Before you start tearing an engine apart, figure out the best tool for the 
job; inthis instance the best wrench for a hex-head fastener. Sit down with 
a few nuts and bolts and look at how various tools fit the bolt heads. 

A golden rule is to choose a tool that contacts the largest area of the 
hex-head. This distributes the load as evenly as possible and lessens the 
risk of damage. The shape most closely resembling the bolt head or nut 
is another hex, so a 6-point socket or box-end wrench is usually the best 
choice (see illustration). Many sockets and box-end wrenches have 
double hex (12-point) openings. If you slipa 12-pointbox-end wrench over 
anut, look at how and where the two are in contact. The corners of the nut 
engage in every other point of the wrench. When the wrench is turned, 
pressure is applied evenly on each of the six corners (see illustration). 
This is fine unless the fastener head was previously rounded off. If so, the 
corners will be damaged and the wrench will slip. If you encounter a dam- 
aged bolt head or nut, always use a 6-point wrench or socket if possible. 
If you don't have one of the right size, choose a wrench that fits securely 
and proceed with care. 

If you slip an open-end wrench over a hex-head fastener, you'll see the 
tool is in contact on two faces only (see illustration). This is acceptable 
provided the tool and fastener are both in good condition. The need for a 
snug fit between the wrench and nut or bolt explains the recommendation 
to buy good-quality open-end wrenches. If the wrench jaws, the bolt head 
or both are damaged, the wrench will probably slip, rounding off and dis- 
torting the head. In some applications, an open-end wrench is the only 
possible choice due to limited access, but always check the fit of the 
wrench on the fastener before attempting to loosen it; if it's hard to get at 
with a wrench, think how hard it will be to remove after the head is dam- 
aged. 

The last choice is an adjustable wrench or self-locking plier/wrench 
(Vise-Grips). Use these tools only when all else has failed. In some cases, 
a self-locking wrench may be able to grip a damaged head that no wrench 
could deal with, but be careful not to make matters worse by damaging 
it further. 

Bearing in mind the remarks about the correct choice of tool in the first 
place, there are several things worth noting about the actual use of the 
tool. First, make sure the wrench headis clean and undamaged. If the fas- 
tener is rusted or coated with paint, the wrench won't fit correctly. Clean 
off the head and, if it's rusted, apply some penetrating oil. Leave it to soak 
in for a while before attempting removal. 
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1.19 Try to use в six-point box wrench 
(or socket) whenever possible — its 
shape matches that of the fastener, 

which means maximum grip and 
minimum slip 


1.20 Sometimes a six-point tool just 1.21 
doesn’t offer you any grip when you get 
the wrench ai the angle it needs to be in 

to loosen or tighten a fastener – when 

this happens, pull out the 12-point 
sockets or wrenches — but remember: 


Open-end wrenches contact 
only two sides of the fastener and 
the jaws tend to open up when you 
put some muscle pn the wrench 
handle - that's why they should 
only be used as a last resort 


they're much mars likely to strip the 
corners off к fastener 


It may seem obvious, but take a close look at the fastener to be re- 
moved before using a wrench. On many mass-produced machines, one 
end of a fastener may be fixed or captive, which speeds ир initial assembly 
and usually makes removal easier. If a nut is installed on a stud or a bolt 
threads into a captive nut or tapped hole, you may have only one fastener 
to deal with. If, on the other hand, you have a separate nut and bolt, you 
must hold the bolt head while the nut is removed. In some areas this can 
be difficult, particularly where engine mounts are involved. In this type of 
situation you may need an assistant to hold the bolt head with a wrench 
while you remove the nut from the other side. If this isn't possible, you'll 
have to try to position a box-end wrench so it wedges against some other 
component to prevent it from turning. 

Be on the lookout for left-hand threads. They aren't common, but are 
sometimes used on the ends of rotating shafts to make sure the nut 
doesn't come loose during engine operation (most engines covered by 
this book don't have these types of fasteners). If you can see the shaft end, 
the thread type can be checked visually. If you're unsure, place your 
thumbnail in the threads and see which way you have to turn your hand 
so your nail “unscrews’ from the shaft. If you have to turn your hand coun- 
terclockwise, it's a conventional right-hand thread. 

Beware of the upside-down fastener syndrome. If you're loosening a 
fastener from the under side of a something, it's easy to get confused 
about which way to turn it. What seems like counterclockwise to you can 
easily be clockwise (from the fastener's point of view). Even after years 
of experience, this can still catch you once in a while. 

In most cases, a fastener can be removed simply by placing the 
wrench on the nut or bolt head and turning it. Occasionally, though, the 
condition or location of the fastener may make things more difficult. Make 
sure the wrench is square on the head. You may need to reposition the 
tool or try another type to obtain a snug fit. Make sure the engine you're 
working on is secure and can't move when you turn the wrench. If neces- 
sary, get someone to help steady it for you. Position yourself so you can 
get maximum leverage on the wrench. 

If possible, locate the wrench so you can pull the end towards you. If 
you have to push on the tool, remember that it may slip, or the fastener 
may move suddenly. For this reason, don't curl your fingers around the 
handle or you may crush or bruise them when the fastener moves; keep 
your hand flat, pushing on the wrench with the heel of your thumb. If the 
tool digs into your hand, place a rag between it and your hand or wear a 
heavy glove. 

If the fastener doesn't move with normal hand pressure, stop and try 
to figure out why before the fastener or wrench is damaged or you hurt 
yourself. Stuck fasteners may require penetrating oil, heat or an impact 
driver or air tool. 


Using sockets to remove hex-head fasteners is less likely to result in 
damage than if a wrench is used. Make sure the socket fits snugly over 
the fastener head, then attach an extension, if needed, and the ratchet or 
breaker bar. Theoretically, a ratchet shouldn't be used for loosening a fas- 
tener or for final tightening because the ratchet mechanism may be over- 
loaded and could slip. In some instances, the location of the fastener may 
mean you have no choice but to use a ratchet, in which case you'll have 
to be extra careful. 

Neveruse extensions where they aren't needed. Whether or not an ex- 
tension is used, always support the drive end of the breaker bar with one 
hand while turning it with the other. Once the fastener is loose, the ratchet 
can be used to speed up removal. 


Pliers 
Some tool manufacturers make 25 or 30 different types of pliers. You 
only need a fraction of this selection (see illustration). Get a good pair 
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1.22 A typical assortment of the types of pliers you need to 
havein your box — from the left: diagonal cutters (dikes), 
needle-nose pliers, channel lock pliers, vise-grip pliers, 
needle-nose vise grip pliers 
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1.23 To adjust the jaws an a pair al vise-grips, grasp the part 
you want to hold with the jaws, tighten them down by turning the 
knurled knob on the end of ane handle and snap the handles 
together — if you tightened the knob all the way down, you'll 
probably have to open it up (back it off) a Mille before you can 
close the handles 


of slip-joint pliers for general use. A pair of needle-nose models is handy 
for reaching into hard-to-get-at places. A set of diagonal wire cutters 
_ (dikes) is essential for electrical work and pulling out cotter pins. Vise- 
Grips are adjustable, locking pliers that grip a fastener firmly — and won't 
let go—when locked into place. Parallel-jaw, adjustable pliers have angled 
jaws that remain parallel at any degree of opening. They’re also referred to 
as Channel-lock (the original manufacturer) pliers, arc-joint pliers and wa- 
ter pump pliers. Whatever you call them, they're terrific for gripping a big 
fastener with a lot of force. 

Slip-joint pliers have two open positions; a figure eight-shaped, elon- 
gated slot in one handle stips back-and-forth on a pivot pin on the other 
handle to change them. Good-quality pliers have jaws made of tempered 
steel and there’s usually a wire-cutter at the base of the jaws. The primary 
uses of slip-joint pliers are for holding objects, bending and cutting throttle 
wires and crimping and bending metal parts, not loosening nuts and bolts. 

Arc-joint or “Channel-lock” pliers have paralle! jaws you can open to 
various widths by engaging different tongues and grooves, or channels, 
near the pivot pin. Since the tool expands to fit many size objects, it has 
countless uses for engine and equipment maintenance. Channel-lock pli- 
ers come in various sizes. The medium size is adequate for general work; 
small and large sizes are nice to have as your budget permits. You'll use 
all three sizes frequently. 

Vise-Grips (a brand name) come in various sizes; the medium size 
with curved jaws is best for all-around work. However, buy a large and 
small one if possible, since they're often used in pairs. Although this tool 
falls somewhere between an adjustable wrench, a pair of pliers and a por- 
table vise, it can be invaluable for loosening and tightening fasteners — it's 
the only pliers that should be used for this purpose. 

The jaw opening is set by turning a knurled knob at the end of one han- 
dle. The jaws are placed overthe head of the fastener and the handles are 
squeezed together, lock- 

ing the tool onto the fastener (see illustration). The design of the tool 
allows extreme pressure to be applied at the jaws and a variety of jaw de- 
signs enable the tool to grip firmly even on damaged heads (see illustra- 
tion). Vise-Grips are great for removing fasteners that've been rounded 
off by badly-fitting wrenches. 

As the name suggests, needle-nose pliers have long, thin jaws de- 
signed for reaching into holes and other restricted areas. Most needle- 
nose, or long-nose, pliers also have wire cutters at the base of the jaws. 

Lookforthese qualities when buying pliers: Smooth operating handles 
and jaws, jaws that match up and grip evenly when the handles are closed, 
a nice finish and the word "forged" somewhere on the tool. 


1.24 If you're persistent and careful, most fasteners сап be 
removed with vise-grips 


Screwdrivers 

Screwdrivers (see illustration) come in a wide variety of sizes and 
price ranges. Anything from Craftsman on up is fine. But don't buy screw- 
driver sets for ten bucks at discount tool stores. Even if they look exactly 
like more expensive brands, the metal tips and shafts are made with inferi- 
or alloys and aren't properly heat treated. They usually bend the first time 
you apply some serious torque. 

A screwdriver consists of a steel blade or shank with a drive tip formed 
at one end. The most common tips are standard (also called straight slot 
and flat-blade) and Phillips. The other end has a handle attached to it. Tra- 
ditionally, handles were made from wood and secured to the shank, which 
hadraisedtangsto preventitfrom turning in the handle. Most screwdrivers 
now come with plastic handles, which are generally more durable than 
wood. 

The design and size of handles and blades vary considerably. Some 
handles are specially shaped to fit the human hand and provide a better 
grip. The shank may be either round or square and some have a hex- 
shaped bolster under the handle to accept a wrench to provide more lever- 
age when trying to turn a stubborn screw. The shank diameter, tip size and 
overall length vary too. As a general rule, it's a good idea to use the longest 
screwdriver possible, which allows the greatest possible leverage. 

If access is restricted, a number of special screwdrivers are designed 
to fit into confined spaces. The “stubby” screwdriver has a specially short- 
ened handle and blade. There are also offset screwdrivers and special 
screwdriver bits that attach to a ratchet or extension. 

The important thing to remember when buying screwdrivers is that 
they really do come in sizes designed to fit different size fasteners. The 
slot in any screw has definite dimensions — length, width and depth. Like 
a bolt head or a nut, the screw slot must be driven by a too! that uses all 
of the available bearing surface and doesn't slip. Don't use a big wide 
blade on a small screw and don't try to turn a large screw slot with a tiny, 
narrow blade. The same principles apply to Allen heads, Phillips heads, 
Torx heads, etc. Don't even think of using a slotted screwdriver on one of 
these heads! And don't use your screwdrivers as levers, chisels or 
punches! This kind of abuse turns them into very bad screwdrivers. 


Standard screwdrivers 

These are used to remove and install conventional slotted screws and 
are available in a wide range of sizes denoting the width of the tip and the 
length of the shank (for example: a 3/8 x 10-inch screwdriver is 3/8-inch 
wide atthe tip and the shank is 10-inches long). You should have a variety 

of screwdrivers so screws of various sizes can be dealt with without 
damaging them. The blade end must be the same width and thickness as 
the screw slot to work properly, without slipping. When Selecting standard 
screwdrivers, choose good-quality tools, preferably with chrome moly, 
forged steel shanks. The tip of the shank should be ground to a parallel, 
flat profile (hollow ground) and not to a taper or wedge shape, which will 
tend to twist out of the slot when pressure is applied (see illustration). 


———————————————————————————————————— 
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Misuse of a 
screwdriver – the 
tA blade shown is both 
* too narrow and too 


1.25 Screwdrivers eama in myriad lengths, sizes and styles 


All screwdrivers wear in use, but standard types can be reground to 
shape a number of times. When reshaping a tip, start by grinding the very 
end flat at right angles to the shank. Make sure the tip fits snugly in the slot 
of a screw of the appropriate size and keep the sides of the tip parallel. 
Remove only a small amount of metal at a time to avoid overheating the 
tip and destroying the temper of the steel. 


Phillips screwdrivers 

Phillips screws are sometimes installed during initial assembly with air 
tools and are next to impossible to remove later without ruining the heads, 
particularly ifthe wrong size screwdriveris used. And don't use othertypes 
of cross-head screwdrivers (Torx, Posi-drive, etc.) on Phillips screws — 
they won't work. 

The only way to ensure the screwdrivers you buy will fit properly, is to 
take a couple of screws with you to make sure the-fit between the screw- 


1.27 Thetip size єт ш Phillips screwdriver is indicated by m 
number from 1 to 4, with 1 the smallest (left — No. 1; center — No. 
2; right — No. 3) 
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thin and will probably 
slip or break off 
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The left-hand exampl 
snug-fitting tip. The right?fia 
drawing shows a damaged tip 
which will twist out of the slot 
when pressure is applied 


1.26 Standard screwdrivers — wrong 
size (top), correct fit in sarew slot 
(center) and worn tip (bottom) 


driver and fastener is snug. If the fit is good, you should be able to angle 
the blade down almost vertically without the screw slipping off the tip. Use 
only screwdrivers that fit exactly — anything else is guaranteed to chew out 
the screw head instantly. 

The idea behind all cross-head screw designs is to make the screw and 
screwdriver blade self-aligning. Provided you aim the blade at the center 
of the screw head, it'll engage correctly, unlike conventional slotted 
screws, which need careful alignment. This makes the screws suitable for 
machine installation on an assembly line (which explains why they're 
sometimes so tight and difficult to remove). The drawback with these 
screws is the driving tangs on the screwdriver tip are very small and must 
fit very precisely in the screw head. If this isn't the case, the huge loads 
imposed on small flats of the screw slot simply tear the metal away, at 
which point the screw ceases to be removable by normal methods. The 
problem is made worse by the normally soft material chosen for screws. 


1.28 New (left) and worn (right) Phillips screwdriver tips 
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1.29 A ball-peen hammer, soft-face hammer and rubber mallet 
(left-to-right) will be needed for various tasks (any steel hammer 
can be used in place of the ball peen hammer) 


To deal with these screws on a regular basis, you'll need high-quality 
screwdrivers with various size tips so you'll be sure to have the right one 
when you need it. Phillips screwdrivers are sized by the tip number and 
length of the shank (for example: a number 2 x 6-inch Phillips screwdriver 
has a number 2 tip — to fit screws of only that size recess — and the shank 
is 6-inches long). Tip sizes 1, 2 and 3 should be adequate for engine repair 
work (see illustration). If the tips get worn or damaged, buy new screw- 
drivers so the tools don't destroy the screws they're used on (see illustra- 
tion). 

Here's a tip that may come in handy when using Phillips screwdrivers 
— if the screw is extremely tight and the tip tends to back out of the recess 
rather than turn the screw, apply a small amount of valve lapping com- 
pound to the screwdriver tip so it will grip the screw better. 


Hammers 

Resorting to ahammer should always be the last resort. When nothing 
else will do the job, a medium-size ball peen hammer, a heavy rubber mal- 
let and a heavy soft-brass hammer (see illustration) are often the only 
way to loosen or install a part. 


1.30 Cold chisels, center-punches, pin 
punches and line-up punches (left-to-right) 
will be needed sooner or later for many jobs 


A ball-peen hammer has a head with a conventional cylindrical face 
at one end and a rounded ball end at the other and is a general-purpose 
tool found in almost any type of shop. It has a shorter neck than a claw 
hammer and the face is tempered for striking punches and chisels. A fairly 
large hammer is preferable to a small one. Although it's possible to find 
small ones, you won't need them very often and it's much easier to control 
the blows from a heavier head. As a general rule, a single 12 or 16-ounce 
hammer will work for most jobs, though occasionally larger or smaller 
ones may be useful. 

A soft-face hammer is used where a steel hammer could cause dam- 
age to the component or other tools being used. A steel hammer head 
might crack an aluminum part, but a rubber or plastic hammer can be used 
with more confidence. Soft-face hammers are available with interchange- 
able heads (usually one made of rubber and another made of relatively 
hard plastic). When the heads are worn out, new ones can be installed. 
If finances are really limited, you can get by without a soft-face hammer 
by placing a small hardwood block between the component and a steel 
hammer head to prevent damage. 

Hammers should be used with common sense; the head should strike 
the desired object squarely and with the right amount of force. For many 
jobs, little effort is needed — simply allow the weight of the head to do the 
work, using the length of the swing to control the amount of force applied. 
With practice, a hammer can be used with surprising finesse, but it'll take 
a while to achieve. Initial mistakes include striking the object at an angle, 
in which case the hammer head may glance off to one side, or hitting the 
edge of the object. Either one can result in damage to the part or to your 
thumb, if it gets in the way, so be careful. Hold the hammer handle near 
the end, not near the head, and grip it firmly but not too tightly. 

Check the condition of your hammers on a regular basis. The danger 
of a loose head coming off is self-evident, but check the head for chips and 
cracks too. If damage is noted, buy а new hammer — the head may chip 
in use and the resulting fragments can be extremely dangerous. It goes 
without saying that eye protection is essential whenever a hammer is 
used. 


Punches and chisels 

Punches and chisels (see illustration) are used along with a hammer 
for various purposes in the shop. Drift punches are often simply a length 
of round steel bar used to drive a component out of a bore in the engine 
or equipment it's mounted on. A typical use would be for removing or in- 
stalling a bearing or bushing. A drift of the same diameter as the bearing 
outer race is placed against the bearing and tapped with a hammer to 
knock it in or out of the bore. Most manufacturers offer special drifts for 
the various bearings in a particular engine. While they're useful to a busy 
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1.31 A typical general purpose cold chisel — note 
the angle of the cutting edge (A), which should be 
checked and resharpened on a regular basis; the 
mushroomed head (B) is dangerous and should be 
filed to restore it to its original shape 
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1.32 Hacksaws mre handy for little cutting jobs like sheet metal 
and rusted fasteners 


dealer service department, they are prohibitively expensive for the do-it- 
yourselfer who may only need to use them once. In such cases, it's better 
to improvise. For bearing removal and installation, it's usually possible to 
use a socket of the appropriate diameter to tap the bearing in or out; an 
unorthodox use for a socket, but it works. 

Smaller diameter drift punches can be purchased or fabricated from 
steel bar stock. In some cases, you'll need to drive out items like corroded 
engine mounting bolts. Here, it's essentialto avoid damaging the threaded 
end of the bolt, so the drift must be a softer material than.the bolt. Brass 
or copper is the usual choice for such jobs; the drift may be damaged in 
use, but the thread will be protected. 

Punches are available in various shapes and sizes and a set of as- 
sorted types will be very useful. One of the most basic is the center punch, 
a small cylindrical punch with the end ground to a point. It'll be needed 
whenever a hole is drilled. The center of the hole is located first and the 
punch is used to make a small indentation at the intended point. The in- 
dentation acts as a guide for the drill bit so the hole ends up in the right 
place. Without a punch mark the drill bit will wander and you'll find itimpos- 
sible to drill with any real accuracy. You can also buy automatic center 
punches. They're spring loaded and are pressed against the surface to be 
marked, without the need to use a hammer. 

Pin punches are intended for removing items like roll pins (semi-hard, 
hollow pins that fit tightly in their holes). Pin punches have other uses, 
however. You may occasionally have to remove rivets or bolts by cutting 
off the heads and driving out the shanks with a pin punch. They'realso very 
handy for aligning holes in components while bolts or screws are inserted. 

Of the various sizes and types of metal-cutting chisels available, a sim- 
ple cold chisel is essential in any mechanic's workshop. One about 6-in- 
ches long with a 1/2-inch wide blade should be adequate. The cutting edge 
is ground to about 80-degrees (see illustration), while the rest of the tip 
is ground to a shallower angle away from the edge. The primary use of the 
cold chisel is rough metal cutting — this can be anything from sheet metal 
work (uncommon on engines) to cutting off the heads of seized or rusted 
bolts or splitting nuts. A cold chisel is also useful for turning out screws or 
bolts with messed-up heads. 

All of the tools described in this section should be good quality items. 
They're not particularly expensive, so it's not really worth trying to save 
money on them. More significantly, there's a risk that with cheap tools, 
fragments may break off in use — a potentially dangerous situation. 

Even with good-quality tools, the heads and working ends will inevit- 
ably get worn or damaged, so it's a good idea to maintain all such tools 
on a regular basis. Using a file or bench grinder, remove all burrs and 
mushroomed edges from around the head. This is an important task be- 
cause the build-up of material around the head can fly off when it's struck 
with a hammer and is potentially dangerous. Make sure the tool retains 
its original profile at the working end, again, filing or grinding off all burrs. 


In the case of cold chisels, the cutting edge will usually have to be re- 
ground quite often because the material in the tool isn't usually much hard- 
er than materials typically being cut. Make sure the edge is reasonably 
sharp, but don't make the tip angle greater than it was originally; it'll just 
wear down faster if you do. 

The techniques for using these tools vary according to the job to be 
done and are best learned by experience. The one common denominator 
is the fact they're all normally struck with a hammer. It follows that eye pro- 
tection should be worn. Always make sure the working end of the tool is 
in contact with the part being punched or cut. If it isn't, the tool will bounce 
off the surface and damage may result. 


Hacksaws 

A hacksaw (see illustration) consists of a handle and frame support- 
ing a flexible steel blade under tension. Blades are available in various 
lengths and most hacksaws can be adjusted to accommodate the different 
sizes. The most common blade length is 10-inches. 

Most hacksaw frames are adequate. There's little difference between 
brands. Pick one that's rigid and allows easy blade changing and reposi- 
tioning. 

The type of blade to use, indicated by the number of teeth per inch, 
(ТР!) (see illustration), is determined by the material being cut. The rule 
of thumb is to make sure at least three teeth are in contact with the metal 
being cut at any one time (see illustration). In practice, this means a fine 


1.33 Hacksaw blades mre marked with the number of teeth per 
inch (TPI) — изә a relatively coarse blade for aluminum and thicker 
items such as bolts or bar stock; изя a finer blade for materials 
like thin sheet steel 
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When cutting thin materials, check that at least three teeth are in 
contact with the workpiece at any time. Too coarse a blade will 
result in a poor cut and may break the blade. If you do not have the 
correct blade, cut at a shallow angle to the material 


The correct cutting angle is important. If it is too shallow (A) the 
blade will wander. The angle shown at (B) is correct when starting 
the cut, and may be reduced slightly once under way. In (C) the 
angle 1s too steep and the blade will be inclined to jump out of the 
cut 


1.34 Correct procedure for use of a hacksaw 


blade for cutting thin sheet materials, while a coarser blade can be used for 
faster cutting through thicker items such as bolts or bar stock. When cut- 
ting thin materials, angle the saw so the blade cuts at a shallow angle. 
More teeth are in contact and there's less chance of the blade binding and 
breaking, or teeth breaking. 

When you buy blades, choose a reputable brand. Cheap, unbranded 
blades may be perfectly acceptable, but you can't tell by looking at them. 
Poor quality blades will be insufficiently hardened on the teeth edge and 
will dull quickly. Most reputable brands will be marked "Flexible High 
Speed Steel” or a similar term, to indicate the type of material used (see 
illustration). It is possible to buy “unbreakable” blades (only the teeth are 
hardened, leaving the rest of the blade less brittle). 

Sometimes, a full-size hacksaw is too big to allow access to a frozen 
nut or bolt. On most saws, you can overcome this problem by turning the 
blade 90-degrees. Occasionally you may have to position the saw around 
an obstacle and then install the blade on the other side of it. Where space 
is really restricted, you may have to use a handle that clamps onto a saw 
blade at one end. This allows access when a hacksaw frame would not 
work at all and has another advantage in that you can make use of broken 
off hacksaw blades instead of throwing them away. Note thatbecause only 
one end of the blade is supported, and it's not held under tension, it's diffi- 
cult to control and less efficient when cutting. 

Before using a hacksaw, make sure the blade is suitable for the materi- 
al being cut and installed correctly in the frame (see illustration). Whatev- 
er itis you're cutting must be securely supported so it can't move around. 
The saw cuts on the forward stroke, so the teeth must point away from the 
handle. This might seem obvious, but it's easy to install the blade back- 
wards by mistake and ruin the teeth on the first few strokes. Make sure 
the blade is tensioned adequately or it'll distort and chatter in the cut and 
may break. Wear safety glasses and be careful not to cut yourself on the 
saw blade or the sharp edge of the cut. 


Files 

Files (see illustration) come in a wide variety of sizes and types for 
specific jobs, but all of them are used for the same basic function of remov- 
ing small amounts of metal in a controlled fashion. Files are used by me- 
chanics mainly for deburring, marking parts, removing rust, filing the 
heads off rivets, restoring threads and fabricating small parts. 

Fileshapes commonly available includeflat, half-round, round, Square 
and triangular. Each shape comes in a range of sizes (lengths) and cuts 
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1.35 Good quality hacksaw blades are marked like this 


j direction 
of teeth 
И. @ 


1.36 Correct installation of a hacksaw blade – the teeth must 
point away from the handle and butt against the locating lugs 
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ranging from rough to smooth. The file face is covered with rows of diago- 
nal ridges which form the cutting teeth. They may be aligned in one direc- 
tion only (single cut) or in two directions to form a diamond-shaped pattern 
(double-cut) (see illustration). The spacing of the teeth determines the 
file coarseness, again, ranging from rough to smooth in five basic grades: 
Rough, coarse, bastard, second-cut and smooth. 

You'll want to build up a set of files by purchasing tools of the required 
shape and cut as they're needed. A good starting point would be flat, half- 
round, round andtriangularfiles (atleastone each — bastard or second-cut 
types). In addition, you'll have to buy one or more file handles (files are 
usually sold without handles, which are purchased separately and pushed 
over the tapered tang of the file when in use) (see illustration). You may 
need to buy more than one size handle to fit the various files in your too! 
box, but don't attempt to get by without them. A file tang is fairly sharp and 
you almost certainly will end up stabbing yourself in the palm of the hand 
if you use a file without a handle andit catches in the workpiece during use. 
Adjustable handles are also available for use with files of various sizes, 
eliminating the need for several handles (see illustration). 

Exceptions to the need for a handle are fine swiss pattern files, which 
have a rounded handle instead of a tang. These small files are usually sold 
in sets with a number of different shapes. Originally intended for very fine 
Work, they can be very useful for use in inaccessible areas. Swiss files are 
normally the best choice if piston ring ends require filing to obtain the cor- 
rect end gap. 

The correct procedure for using files is fairly easy to master. As with 
a hacksaw, the work should be clamped securely in a vise, if needed, to 
prevent it from moving around while being worked on. Hold the file by the 
handle, using your free hand at the file end to guide it and keep it flat in 
relationto the surface being filed. Use smooth cutting strokes and be care- 
ful not to rock the file as it passes over the surface. Also, don't slide it diag- 
onally across the surface or the teeth will make grooves in the workpiece. 
Don't drag a file back across the workpiece at the end of the stroke — lift 
it slightly and pull it back to prevent damage to the teeth. 
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1.37 Get a good assortment of files — they're 
handy for deburring, marking parts, removing 
rust, filing the heads off rivets,restoring 
threads and fabricating small parts 


1.38 Files are either single-cut (left) or double-cut (right) — 
generally speaking, usa a single-cut file to produce в very 
smooth surface; use a double-cut file to remove large amounts 
of material quickly 


1.39 Never use a file without a handle — the tang is sharp and 
could puncture your hand 


Files don't require maintenance in the usual sense, but they should be 
kept clean and free of metal filings. Steel is a reasonably easy material to 
work with, but softer metals like aluminium tend to clog the file teeth very 
quickly, which will resultin scratches inthe workpiece. This can be avoided 
by rubbing the file face with chalk before using it. General cleaning is car- 
ried out with a file card or a fine wire brush. If kept clean, files will last a 
long time — when they do eventually dull, they must be replaced; there is 
no satisfactory way of sharpening a worn file. 


Taps and dies 


Taps 

Tap and die sets (see illustration) are available in inch and metric 
sizes. Taps are used to cut internal threads and clean or restore damaged 
threads. A tap consists of a fluted shank with a drive square at one end. It’s 
threaded along part of its length — the cutting edges are formed where the 
flutes intersect the threads (see illustration). Taps are made from hard- 
ened steel so they will cut threads in materials softer than what they're 
made of. 


1.40 Adjustable handles that will work with many different size 
files are also available 


1 - 18 Chapter 1 


Introduction 


1.41 Tap and dies sets ага available in inch and metric sizes — taps are used 
for cutting internal threads and cleaning and restoring damaged threads; dies 
erm used for cutting, cleaning and restoring external threads 
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taper intermediate plug 


1.42 Taper, plug and bottoming taps (left-to-right) 


Note how the tapered section progressively decreases 
across the ridge. Plug taps are normally needed for fin- 
ishing tapped holes in blind bores. 


1.43 If you need to drill and tap п hole, the drill bit size to uss for 
a given bolt (tap) size is marked on the tap 


Taps come in three differenttypes: Taper, plug and bottoming. The only 
real difference is the length of the chamfer on the cutting end of the tap. 
Taper taps are chamfered for the first 6 or 8 threads, which makes them 
easy to start but prevents them from cutting threads close to the bottom 
of a hole. Plug taps are chamfered up about 3 to 5 threads, which makes 
them a good all around tap because they’re relatively easy to start and will 
cut nearly to the bottom of a hole. Bottoming taps, as the name implies, 
have a very short chamfer (1-1/2 to 3 threads) and will cut as close to the 
bottom of a blind hole as practical. However, to do this, the threads should 
be started with a plug or taper tap. 

Although cheap tap and die sets are available, the quality is usually 
very low and they can actually do more harm than good when used on 
threaded holes in aluminum engines. The alternative is to buy high-quality 
taps if and when you need them, eventhough they aren't cheap, especially 
if you need to buy two or more thread pitches in a given size. Despite this, 
it's the best option — you'll probably only need taps on rare occasions, so 
a full set isn't absolutely necessary. 

Taps are normally used by hand (they can be used in machine tools, 
but not when doing engine repairs). The square drive end of the tap is held 


in a tap wrench (an adjustable T-handle). For smaller sizes, a T-handled 
chuckcan be used. The tapping process starts by drilling a hole of the cor- 
rect diameter. For each tap size, there's a corresponding twist drill that will 
produce a hole of the correct size. This is important; too large a hole will 
leave the finished thread with the tops missing, producing a weak and un- 
reliable grip. Conversely, too small a hole will place excessive loads on the 
hard and brittle shank of the tap, which can break it off in the hole. Remov- 
ing a broken off tap from a hole is no fun! The correct tap drill size is normal- 
ly marked on the tap itself or the container it comes in (see illustration). 


Dies 

Dies are used to cut, clean or restore external threads. Most dies are 
made from a hex-shaped or cylindrical piece of hardened steel with a 
threaded hole in the center. The threaded hole is overlapped by three or 
four cutouts, which equate to the flutes on taps and allow metal waste to 
escape during the threading process. Dies are held in a T-handled holder 
(called a die stock) (see illustration). Some dies are split at one point, al- 
lowing them to be adjusted slightly (opened and closed) for fine control of 
thread clearances. 

Dies aren't needed as often as taps, for the simple reason it's normally 
easier to install a new bolt than to salvage one. However, it's often helpful 
to be able to extend the threads of a bolt or clean up damaged threads with 
a die. Hex-shaped dies are particularly useful for mechanic's work, since 
they can be turned with a wrench (see illustration) and are usually less 
expensive than adjustable ones. 

The procedure for cutting threads with a die is broadly similar to that 
described above for taps. When using an adjustable die, the initial cut is 
made with the die fully opened, the adjustment screw being used to reduce 
the diameter of successive cuts until the finished size is reached. As with 
taps, a cutting lubricant should be used, and the die must be backed off 
every few turns to clear swarf from the cutouts. 


Pullers 

You'll need a general-purpose puller for engine rebuilding. Pullers can 
removed seized or corroded parts, bad bushes or bearings and dynamic 
balancers. Universal two- and three-legged pullers are widely available in 
numerous designs and sizes. 
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1.44 A die (right) is used for cutting external threads (this ome is в 
split-type/adjustable die) and is held in a tool called m die stock (left) 


1.46 А two or three-jaw puller will cume in handy for 
many tasks in the shop and can also be used for working 
an other types of equipment 


The typical puller consists of a central boss with two or three pivoting 
arms attached. The outer ends of the arms are hooked jaws which grab 
the part you want to pull off (see illustration). You can reverse the arms 
on most pullers to use the puller on internal openings when necessary. 
The central boss is threaded to accept a puller bolt, which does the work. 
You can also get hydraulic versions of these tools which are capable of 
more pressure, but they're expensive. 

You can adapt pullers by purchasing, or fabricating, special jaws for 
specific jobs. If you decide to make your own jaws, keep in mind that the 
pulling force should be concentrated as close to the center of the compo- 
nent as possible to avoid damaging it. 

Before you use a puller, assemble it and check it to make sure it doesn't 
snag on anything and the loads on the part to be removed are distributed 
evenly. If you're dealing with a part held on the shaft by a nut, loosen the 
nut but don't remove it. Leaving the nut on helps prevent distortion of the 
shaftend under pressure from the puller bolt and stops the part from flying 
off the shaft when it comes loose. 

Tighten a puller gradually until the assembly is under moderate pres- 
sure, then try to jar the component loose by striking the puller bolt a few 
times with a hammer. If this doesn't work, tighten the bolta little further and 
repeat the process. If this approach doesn't work, stop and reconsider. At 
some point you must make a decision whether to continue applying pres- 
sure in this manner. Sometimes, you can apply penetrating oil around the 
joint and leave it overnight, with the puller in place and tightened securely. 
By the next day, the taper has separated and the problem has resolved 
itself. 


1.45 Hex-shaped dies are especially handy for mechanic's work 
because they can be turned with a wrench 
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1.47 Typical drawbolt uses — in A, the nut is tightened 
to pull the collar and bushing into the large spacer; in B, 
the spacer is left out and the drawbolt is repositioned to 

install the naw bushing 


If nothing else works, try heating the area surrounding the troublesome 
part with a propane or gas welding torch (We don't, however, recommend 
messing around with welding equipment if you're not already experienced 
in its use). Apply the heat to the hub area of the component you wish to 
remove. Keep the flame moving to avoid uneven heating and the risk of 
distortion. Keep pressure applied with the puller and make sure that you're 
able to deal with the resulting hot component and the puller jaws if it does 
come free. Be very careful to keep the flame away from aluminum parts. 

If all reasonable attempts to remove a part fail, don't be afraid to give 
up. It's cheaper to quit now than to repair a badly damaged engine. Either 
buy or borrow the correct tool, or take the engine to a dealer and ask him 
to remove the part for you. 


Drawbolt extractors 

The simple drawbolt extractor is easy to make up and invaluable in ev- 
ery workshop. There are no commercially available tools of this type; you 
simply make a tool to suit a particular application. You can use a drawbolt 
extractor to pull out stubborn piston pins and to remove bearings and 
bushings. 

To make a drawbolt extractor, you'll need an assortment of threaded 
rods in various sizes (available at hardware stores), and nuts to fit them. 
You'll also need assorted washers, spacers and tubing. For things like pis- 
ton pins, you'll usually need a longer piece of tube. 

Some typical drawbolt uses are shown in the accompanying line draw- 
ings (see illustration). They also reveal the order of assembly of the vari- 
ous pieces. The same arrangement, minus the tubular spacer section, can 
usually be used to install anew bushing or piston pin. Using the tool is quite 
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1.48 A slide hammer 
with special attachments 
can be used for 
removing bearings 
and bushings from 
blind holes 


simple. Just make sure you get the bush or pin square to the bore when 
you install it. Lubricate the part being pressed into place, where appropri- 
ate. 


Pullers for use in blind bores 

Bushings or bearings installed in "blind holes" often require special 
pullers. Some bearings can be removed without a puller if you heat the en- 
gine or component evenly in an oven and tap it face down on a clean wood- 
den surface to dislodge the bearing. Wear heavy gloves to protect yourself 
when handling the heated components. If you need a puller to do the job, 
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1.50 Sometimes, the parts you have to jig up in the 
vise are delicate, ar made of soft materials — to avoid 
damaging them, get m pair of fiberglass or plastic “soft 
jaws" (A) or fabricate your own with 1/8-inch 
thick aluminum sheet (B) 
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1.49 А bench vise is опе of the most useful pieces of equipment 
you can have in the shop – bigger is usually better with vises, an 
get n vise with jaws that open at least four inches 


geta slide-hammer with interchangeable tips. Slide hammers range from 
universal two or three-jaw puller arrangements to special bearing pullers. 
Bearing pullers are hardened steel tubes with a flange around the bottom 
edge. The tube is split at several places, which allows a wedge to expand 
the tool once it's in place. The tool fits inside the bearing inner race and is 
tightened so the flange or lip is locked under the edge of the race. 

The slide-hammer consists of a steel shaft with a stop at its upper end. 
The shaft carries a sliding weight which slides along the shaft until it strikes 
the stop. This allows the tool holding the bearing to drive it out of the bore 
(see illustration). A bearing puller set is an expensive and infrequently- 
used piece of equipment, so take the engine to a dealer and have the bea- 
rings/bushings replaced. 


Bench vise | 

The bench vise (see illustration) is an essential tool in a shop. Buy 
the bestquality vise you can afford. A good vise is expensive, butthe quali- 
ty of its materials and workmanship are worth the extra money. Size is also 
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1.51 Although it's not absolutely necessary, ат air compressor esr 
make many jobs easier and produce better results, especially when 


air powered tools ara available to use with it 
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1.53 Electric drills can be cordless (above) or 115-volt, 
AC-powered (below) 


important — bigger vises are usually more versatile. Make sure the jaws 
open at least four inches. Get a set of soft jaws to fit the vise as well — you'll 
need them to grip engine parts that could be damaged by the hardened 
vise jaws (see illustration). 


Power tools 

Really, the only power tool you absolutely need is an electric drill. But 
if you have an air compressor and electricity, there's a wide range of pneu- 
matic and electric hand tools to make all sorts of jobs easier and faster. 


Air compressor 

Anair compressor (see illustration) makes most jobs easier and fast- 
er. Drying off parts after cleaning them with solvent, blowing out passages 
in a block or head, running power tools — the list is endless. Once you buy 
a compressor, you'll wonder how you ever got along without it. Air tools 


1.52 Another indispensable piece of equipment 
is the bench grinder (with m wire wheel mounted 
on one arbor) — make шиге it's securely bolted 
down and never use it with the rests or eye 
shields removed 


1.54 Geta set of good quality drill bits for drilling holes and wire 
brushes of various sizes for cleaning up metal parts — make suru the 


bits are designed for drilling in metal! 


really speed up tedious procedures like removing and installing cylinder 
head bolts, crankshaft main bearing bolts or vibration damper (crankshaft 
pulley) bolts. 


Bench-mounted grinder 

A bench grinder (see illustration) is also handy. With a wire wheel on 
one end and a grinding wheel on the other, it's great for cleaning up fasten- 
ers, sharpening tools and removing rust. Make sure the grinder is fastened 
securely to the bench or stand, always wear eye protection when operat- 
ing it and never grind aluminum parts on the grinding wheel. 


Electric drills 

Countersinking bolt holes, enlarging oil passages, honing cylinder 
bores, removing rusted or broken off fasteners, enlarging holes and fabri- 
cating small parts — electric drills (see illustration) are indispensable for 
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1.55 A typical drill bit (top), a reduced shank bit 
(center), and a tapered shank bit (bottom right) 


engine work. A 3/8-inch chuck (drill bit holder) will handle most jobs. Col- 
lect several different wire brushes to use in the drill and make sure you 
have a complete set of sharp metal drill bits (see illustration). Cordless 
drills are extremely versatile because they don't force you to work near an 
outlet. They're also handy to have around for a variety of non-mechanical 
jobs. 


Twist drills and drilling equipment 

Drilling operations are done with twist drills, either in a hand drill or a 
drill press. Twist drills (or drill bits, as they're often called) consist of a 
round shank with spiral flutes formed into the upper two-thirds to clear the 
waste produced while drilling, keep the drill centered in the hole and finish 
the sides of the hole. 

The lower portion of the shank is left plain and used to hold the drill in 
the chuck. In this section, we will discuss only normal parallel shank drills 
(see illustration). There is another type of bit with the plain end formed 
into a special size taper designed to fit directly into a corresponding socket 
in a heavy-duty drill press. These drills are known as Morse Taper drills 
and are used primarily in machine shops. 

At the cutting end of the drill, two edges are ground to form a conical 
point. They're generally angled at about 60-degrees from the drill axis, but 
they can be reground to other angles for specific applications. For general 
use the standard angle is correct — this is how the drills are supplied. 

When buying drills, purchase a good-quality set (sizes 1/16 to 
3/8-inch). Make sure the drills are marked “High Speed Steel" or “HSS”. 
This indicates they're hard enough to withstand continual use in metal; 
many cheaper, unmarked drills are suitable only for use in wood or other 
soft materials. Buying a set ensures the right size bit will be available when 
it's needed. 


Twist drill sizes 

Twist drills are available in a vast array of sizes, most of which you'll 
never need. There are three basic drill sizing systems: Fractional, number 
and letter (see illustration) (we won't get involved with the fourth system, 
which is metric sizes). 

Fractional sizes start at 1/64-inch and increase in increments of 
1/64-inch. Number drills range in descending order from 80 (0.0135-inch), 
the smallest, to 1 (0.2280-inch), the largest. Letter sizes start with A 
(0.234-inch), the smallest, and go through Z (0.413-inch), the largest. 

This bewildering range of sizes means it's possible to drill.an accurate 
hole of almost any size within reason. In practice, you'll be limited by the 
size of chuck on your drill (normally 3/8 or 1/2-inch). In addition, very few 


1.56 Drill bits in the range most commonly used are available in 
fractional sizes (left) and number sizes (right) so almost any size 
hole can be drilled 


stores stock the entire range of possible sizes, so you'll have to shop 
around for the nearest available size to the one you require. 


Sharpening twist drills 

Like any tool with a cutting edge, twist drills will eventually get dull (see 
illustration). How often they'll need sharpening depends to some extent 
on whether they're used correctly. A dull twist drill will soon make itself 
known. A good indication of the condition of the cutting edges is to watch 
the waste emerging from the hole being drilled. If the tip is in good condi- 
tion, two even spirals of waste metal will be produced; if this fails to happen 
or the tip gets hot, it's safe to assume that sharpening is required. 

With smaller size drills — under about 1/8-inch — it's easier and more 
economical to throw the worn drill away and buy another one. With larger 
(more expensive) sizes, sharpening is abetter bet. When sharpening twist 
drills, the included angle of the cutting edge must be maintained at the 
original 120-degrees and the small chisel edge at the tip must be retained. 
With some practice, sharpening can be done freehand on a bench grinder, 
but it should be noted that it’s very easy to make mistakes. For most home 
mechanics, a sharpening jig that mounts next to the grinding wheel should 
be used so the drill is clamped at the correct angle (see illustration). 


Drilling equipment 

Tools to hold and turn drill bits range from simple, inexpensive hand- 
operated or electric drills to sophisticated and expensive drill presses. 
Ideally, all drilling should be done on a drill press with the workpiece 
clamped solidly in a vise. These machines are expensive and take up a 
lot of bench or floor space, so they're out of the question for many do-it- 
yourselfers. An additional problem is the fact that many of the drilling jobs 
you end up doing will be on the engine itself or the equipment it's mounted 
on, in which case the tool has to be taken to the work. 

The best tool forthe home shopis an electric drill with a 3/8-inch chuck. 
Both cordless and AC drills (that run off household current) are available. 
If you're purchasing one for the first time, look for a well-known, reputable 
brand name and variable speed as minimum requirements. A 1/4-inch 
chuck, single-speed drill will work, but it's worth paying a little more for the 
larger, variable speed type. 

All drills require a key to lock the bit in the chuck. When removing or 
installing a bit, make sure the cord is unplugged to avoid accidents. Initial- 
ly, tighten the chuck by hand, checking to see if the bitis centered correctly. 
This is especially important when using small drill bits which can get 
caught between the jaws. Once the chuck is hand tight, use the key to 
tighten it securely — remember to remove the key afterwards! 
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1.57 If a bit gets dull (left), discard it or resharpen it 
sn it looks like the bit on the right 


1.58 
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Inexpensive drill bit sharpening jigs designed to be used with a bench 


grinder ars widely available — even if you only ияв Ё to resharpen drill bits, 


Drilling and finishing holes 


Preparation for drilling 

If possible, make sure the part you intend to drill inis securely clamped 
in a vise. If it's impossible to get the work to a vise, make sure it's stable 
and secure. Twist drills often dig in during drilling — this can be dangerous, 
particularly if the work suddenly starts spinning on the end of the drill. Ob- 
viously, there's little chance of a complete engine or piece of equipment 
doing this, but you should make sure it's supported securely. 

Start by locating the center of the hole you're drilling. Use a center 
punch to make an indentation for the drill bit so it won't wander. If you're 
drilling out a broken-off bolt, be sure to position the punch in the exact cen- 
ter of the bolt (see illustration). 

If you're drilling a large hole (above 1/4-inch), you may want to make 
a pilot hole first. As the name suggests, it will guide the larger drill bit and 
minimize drill bit wandering. Before actually drilling a hole, make sure the 
area immediately behind the bit is clear of anything you don't want drilled. 


Drilling 

When drilling steel, especially with smaller bits, no lubrication is need- 
ed. If a large bit is involved, oil can be used to ensure a clean cut and pre- 
vent overheating of the drill tip. When drilling aluminum, which tends to 
smear around the cutting edges and clog the drill bit flutes, use kerosene 
as a lubricant. 

Wear safety goggles or aface shield and assume a comfortable, stable 
stance so you can control the pressure on the drill easily. Position the drill 
tip in the punch mark and make sure, if you're drilling by hand, the bit is 
perpendicular to the surface of the workpiece. Start drilling without apply- 
ing much pressure until you're sure the hole is positioned correctly. If the 
hole starts off center, it can be very difficult to correct. You can try angling 
the bit slightly so the hole center moves in the opposite direction, but this 
must be done before the flutes of the bit have entered the hole. It's at the 
starting point that a variable-speed drill is invaluable; the low speed allows 
fine adjustments to be made before it's too late. Continue drilling until the 
desired hole depth is reached or until the drill tip emerges at the other side 
of the workpiece. 

Cutting speed and pressure are important — as a general rule, the larg- 
erthe diameter of the drill bit, the slower the drilling speed should be. With 
a single-speed drill, there's little that can be done to control it, but two- 
speed or variable speed drills can be controlled. If the drilling speed is too 


it'll pay for itself quickly 


1.59 Before you drill a hole, uns п centerpunch to make En 
indentation for the drill bit an II won't wander 


high, the cutting edges of the bit will tend to overheat and dull. Pressure 
should be varied during drilling. Start with light pressure until the drill tip 
has located properly in the work. Gradually increase pressure so the bit 
cuts evenly. If the tipis sharp and the pressure correct, two distinct spirals 
of metal will emerge from the bit flutes. If the pressure is too light, the bit 
won't cut properly, while excessive pressure will overheat the tip. 

Decrease pressure as the bit breaks through the workpiece. If this isn't 
done, the bit may jam in the hole; if you're using a hand-held drill, it could 
be jerked out of your hands, especially when using larger size bits. 

Once a pilot hole has been made, install the larger bit in the chuck and 
enlarge the hole. The second bit will follow the pilot hole — there's no need 
to attempt to guide it (if you do, the bit may break off). It is important, how- 
ever, to hold the drill at the correct angle. 

After the hole has been drilled to the correct size, remove the burrs left 
around the edges of the hole. This can be done with a small round file, or 
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1.60 Use a large drill bit or a countersink mounted in a tap 
wrench to remove burrs from a hole after drilling or enlarging it 


1.62 Buyatleast 
one fire extinguisher 
before you open shop 
— make sure it's rated 
for flammable liquid 
fires and KNOW HOW 
TO USE IT! 


by chamfering the opening with a larger bit or a countersink (see illustra- 
tion). Use a drill bit that's several sizes larger than the hole and simply 
twist it around each opening by hand until any rough edges are removed. 


Enlarging and reshaping holes 

The biggest practical size for bits used in a hand drill is about 1/2-inch. 
This is partly determined by the capacity of the chuck (although it's possi- 
ble to buy larger drills with stepped shanks). The real limit is the difficulty 
of controlling large bits by hand; drills over 1/2-inch tend to be too much 
to handle in anything other than a drill press. If you have to make a larger 
hole, or if a shape other than round is involved, different techniques are 
required. 

If a hole simply must be enlarged slightly, a round file is probably the 
best tool to use. If the hole must be very large, a hole saw will be needed, 
but they can only be used in sheet metal. 

Large or irregular-shaped holes can also be made in sheet metal and 
other thin materials by drilling a series of small holes very close together. 
Inthis case the desired hole size and shape must be marked with a scribe. 
The next step depends on the size bit to be used; the idea is to drill a series 


1.61 A good die grinder will deburr blocks, radius piston domes, 
chamfer oil holes and do a lot of other little jobs that would be 
tedious if done manually 


1.63 Geta pair of heavy work gloves for handling hot or 
sharp-edged objects and a pair of rubber gloves for 
washing parts with solvent 


of almost touching holes just inside the outline of the large hole. Center 
punch each location, then drill the small holes. A cold chisel can then be 
used to knock out the waste material at the center of the hole, which can 
then be filed to size. This is a time consuming process, but it's the only 
practical approach for the home shop. Success is dependent on accuracy 
when marking the hole shape and using the center punch. 


High-speed grinders 

A good die grinder (see illustration) will deburr blocks, radius piston 
domes and chamfer oil holes ten times as fast as you can do any of these 
jobs by hand. 


Safety items that should be in every shop 
Fire extinguishers 

Buy at least one fire extinguisher (see illustration) before doing any 
maintenance or repair procedures. Make sure it's rated for flammable liq- 
uid fires. Familiarize yourself with its use as soon as you buy it— don't wait 
until you need itto figure out how to use it. And be sure to have it checked 
and recharged at regular intervals. Refer to the safety tips at the end of 
this chapter for more information about the hazards of gasoline and other 
flammable liquids. 


Gloves 


If you're handling hot parts or metal parts with sharp edges, wear a pair 
of industrial work gloves to protect yourself from burns, cuts and splinters 
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1.64 One of the most important items you'll need in the shop is a 
face shield or safety goggles, especially when you're hitting metal 
parts with a hammer, washing parts in solvent or grinding 
something on the bench grinder 


1.66 The compression gauge indicates cylinder pressure in the 
combustion chamber — you'll need to get one made for diesels 
(because of their higher compression) 


(see illustration). Weara pair of heavy duty rubber gloves (to protect your 
hands when you wash parts in solvent). 


Safety glasses or goggles 

Never work on a bench or high-speed grinder without safety glasses 
(see illustration). Don't take a chance on getting a metal sliver in your 
eye. It's also a good idea to wear safety glasses when you're washing 
parts in solvent. 


Special diagnostic tools 

These tools do special diagnostic tasks. They're indispensable for de- 
termining the condition of your engine. If you don't think you'll use them 
frequently enough to justify the investment, try to borrow or rent them. Or 
split the cost with a friend who also wants to get into engine rebuilding. 
We've listed only those tools and instruments generally available to the 
public, not the special tools manufactured by Ford for its dealer service 
departments. Occasional references to Ford special tools may be in- 
cluded in the text of this manual. But we'll try to provide you with another 


1.65 The combustion leak block tester tests for cracked blocks, 
leaky gaskets, cracked heads and warped heads by detecting 
combustion gases in the coolant 


1.67 The cooling system pressure tester checks for leaks in the 
cooling system by pressurizing the system and measuring the 
rate at which it leaks down 


way of doing the job without the special tool, if possible. However, when 
there's no alternative, you'll have to borrow or buy the tool or have the job 
done by a professional. 


Combustion leak block tester 

The combustion leak block tester (see illustration) tests for cracked 
blocks, leaky gaskets, cracked heads and warped heads by detecting 
combustion gasses in the coolant. For information on using this tool, see 
Chapter 3. 


Compression gauge 

The compression gauge (seeillustration) indicates cylinder pressure 
in the combustion chamber. The adapter (depending on engine) screws 
into the glow plug hole. Because diesel engines have very high compres- 
sion, a special diesel compression gauge is required. 


Cooling system pressure tester 
The cooling system pressure tester (see illustration) checks for leaks 
in the cooling system. 
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1.68 The leakdown tester indicates the rate #1 which pressure 1.69 The multimeter combines the functions of a volt-meter, 
leaks past the piston rings, the valves and/or the head gasket ammeter and ohmmeter into one unit — I! can measure voltage, 
amperage or resistance in an electrical circuit 


1.70 The oil pressure gauge, which ec*aws into an oil 
pressure sending unit hole in the block or head, measures pinpoint possible sources of trouble such ва bad bearings, 
the oil pressure in the lubrication system excessive play in the crank, rod knocks, etc. 


Leakdown tester 

The leakdown tester (see illustration) indicates the rate at which 
pressure leaks past the piston rings, the valves and/or the head gasket, 
in a combustion chamber. 


Multimeter 


The multimeter (see illustration) combines the functions of a voltme- 
ter, ammeter and ohmmeter into one unit. It can measure voltage, amper- 
age or resistance in an electrical circuit. 


Oil pressure gauge 
The oil pressure gauge (see illustration) indicates the oil pressure in 
the lubrication system. 


Stethoscope 

The stethoscope (see illustration) amplifies engine sounds, allowing 
you to pinpoint possible sources of pending trouble such as bad bearings, 
excessive play in the crank, rod knock, etc. 


1.72 The vacuum gauge indicates intake manifold vacuum, in Vacuum gauge . _ —- . Р 
inches of mercury (in-Hg) The vacuum gauge (see illustration) indicates intake manifold vacu- 
um, in inches of mercury (in-Hg). 
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1.73 The vacuum/pressure pump can create a vacuum 
in a circuit, or pressurize it, to simulate the actual 
operating conditions 


1.75 А dynamic timing meter is required to set the 
timing on diesel engines 


Vacuum/pressure pump 

The hand-operated vacuum/pressure pump (see illustration) can 
create a vacuum, or build up pressure, in a circuit to check components 
that are vacuum or pressure operated. 


Fuel system tools 


Angle gauge and adapter 

When checking and adjusting the GM 5.7L vacuum regulator valve, an 
angle gauge and mounting adapter are required in conjunction with a hand 
vacuum pump (see illustration) 


Dynamic timing meter 

The dynamic timing meter is used to adjustthe timing on a diesel while 
the engine is rurining (see illustration). It determines the start of the injec- 
tion/combustion and crankshaft location signals and displays the engine 
rpm and injection pump timing in degrees. 


Fuel injection pump adapter seal installer 
On GM engines, a tool is required to properly install the seal evenly into 
the fuel injection pump adapter (see illustration). 


Fuel injection pump adjusting tool 

Both the Ford and GM diesel engines require special tools to rotate the 
often difficult to reach injection pump to the correct timing position (see il- 
lustration). 
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1.74 Ап angle gauge and adapter (plus a vacuum pump) 
are necessary tools for adjusting the 5.7L engine vacuum 
regulator valve 


1.76 An installer tool is necessary to install the GM 
diesel pump adapter seal 


1.77 Adjusting the fuel injector pump requires a special 
tool, such as this one used ст GM 5.7L engines 


Fuel injection pump housing pressure adapter 

The housing pressure adapter hose allows checking of the GM 5.7L 
engine fuel injection housing pressure without removing the metering 
valve sensor (see illustration). It also can be used to measure the hous- 
ing pressure on both GM 5.7L and 6.2L engines with the air crossover in 
place. 


1.78 This housing pressure adapter makes checking 
the fuel injection pump easier on GM engines 
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1.79 The nozzle tester is used for checking th 
opening pressure of the injector nozzles 


1.80 The fuel injection pump bolts 1.81 
and nuts arr invariably hard to get at, 
эа special wrenches, such aa this 
ana for GM engines, are necessary 


Fuel lines are hard to reach using 
regular wrenches, mo special "crow's 
foot" ones like this, used with a 3/8-inch 
socket drive and extension, are required 


1.82 Diesel engines have ma electrical ignition system, 
so a magnetic pickup tachometer is necessary to check 
the engine speed 


1.83 On GM diesels, a static 
timing gauge is inserted in 
place of the injection pump and 
used to mark the Top Dead 
Center position for the number 


1.84 Before the throttle shaft 
seals can be replaced on GM 
engines, the throttle shaft cam 
timing position must first be 
measured with this adapter 

ane piston 


Fuel injection nozzle tester 

This is used to check the opening pressure of the fuel injector(s). Other 
pressure gauges may be required to check the high and low injection sys- 
tem pressures (see illustration). 


Fuel injection pump wrench 
Offset thinwall wrenches are required when installing, removing or ad- 
justing the fuel injection pump nuts/bolts (see illustration). 


Fuel line nut wrench 

Because of the high fuel pressures used in diesel fuel injection sys- 
tems, special wrenches designed for use with a torque wrench, socket or 
breaker bar are needed when loosening or tightening the line connections 
(see illustration). 


Magnetic pickup tachometer 

There is no electrical ignition system on diesel engines, so a special 
tachometer using a magnetic pickup on the crankshaft is required when 
checking engine speed (see illustration). 


Static timing gauge 

Static timing on GM engines is set by installing a timing gauge tool in 
place of the fuel pump, rotating engine until the number one piston is at 
Top Dead Center (TDC), then marking the pump position with the punch 
scribe built into the tool (see illustration). 


Throttle shaft cam timing adapter 

On GM engines, athrottle shaft cam timing adapter is required to mea- 
sure the throttle shaft cam timing position before replacing the throttle 
shaft seals (see illustration). The injection pump can then be disas- 
sembled and the seals replaced without changing the cam timing position. 


Engine rebuilding tools 
Engine hoist 

Get an engine hoist (see illustration) that's strong enough to easily 
lift your engine in and out of the engine compartment. A V8 diesel is far 
too heavy to remove and install any other way. And you don't even want 
to think about the possibility of dropping an engine! 


Engine stand 

A V8 dieselis too heavy and bulky to wrestle around on the floor or the 
workbench while you're disassembling and reassembling it. Get an en- 
gine stand (see illustration) sturdy enough to firmly support the engine. 
Even if you plan to work on small blocks, it's a good idea to buy a stand 
beefy enough to handle big blocks as well. Try to buy a stand with four 
wheels, not three. The center of gravity of a stand is high, so it's easier to 
topple the stand and engine when you're cinching down head bolts with 
atwo-foot long torque wrench. Get a stand with big casters. The larger the 
wheels, the easier it is to roll the stand around the shop. Wheel locks are 
also a good feature to have. If you want the stand out of the way between 
jobs, look for one that can be knocked down and slid under a workbench. 
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1.85 Getan engine hoist that's strong enough to 
easily МЇ your engine in and out of the engine 
compartment — an adapter, like the nne shown here 
(arrow), nur be used to change the angle of the 
engine as it's being removed or installed 


166.5 


1.87 A clutch alignment tool is necessary И you plan to install a 
rebuilt engine mated to a manual transmission 


Engine stands are available at rental yards; however, the cost of rental 
over the long period of time you'll need the stand (often, weeks) is fre- 
quently as high as buying a stand. 


Clutch alignment tool 
The clutch alignment tool (see illustration) is used to center the clutch 
disc on the flywheel. 


Cylinder surfacing hone 

After boring the cylinders, you need to put a cross-hatch pattern on the 
cylinder walls to help the new rings seat properly. A flex hone with silicone 
carbide balls laminated onto the end of wire bristles (see illustration) will 
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1.86 Get an engine stand sturdy enough to firmly support the engine 
while you're working оп il — stay away from three-wheeled models – they 
have a tendency to tip aver more easily — get a four-wheeled unit 


b! 


1.88 A cylinder hone like the cre shown here is easier to 
use, but not ara versatile gs the type that has three 
spring-loaded stones 


give you that pattern. Even if you don't bore the cylinders, you must hone 
the cylinders, since it breaks the glaze that coats the cylinder walls. 


Cylinder ridge resmer 

If the engine has a lot of miles, the top compression ring will likely wear 
the cylinder wall and create a ridge at the top of each cylinder (the unworn 
portion of the bore forms the ridge). Carbon deposits make the ridge even 
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1.89 If there are ridges at the top of the cylinder wall 
created by the thrust side of the piston &I the top of 
its travel, uma a ridge reamer to remove them 


Introduction 


1.91 The best universal ring compressor is the plier-type — to fit 


different bore sizes, simply insert different size compressor bands in 


1.92 The band-type ring compressor is zm easy to use as the 
plier type, but is more likely to snag m ring 


more pronounced. The ridge reamer (see illustration) cuts away the 
ridge so you can remove the piston from the top of the cylinder without 
damaging the ring lands. 


Hydraulic lifter removal tool 
Sometimes the lifters are gummed up with varnish and become stuck 
in their lifter bores. This tool (see illustration) will get them out. 


Piston ring compressor 
Trying to install the pistons without a ring compressor is almost impos- 
sible. 


the plier handles 


1.93 Sometimes you find that you can re-use the same pistons 
even when the rings need to be replaced — but the piston ring 
grooves in the old pistons are usually filthy — to clean them 
properly, you may need a piston ring groove cleaning tool 


The best "universal" ring compressor is the plier-type, like the one 
manufactured by K-D Tools (see illustration). To accommodate different 
bore sizes, simply insert different size compressor bands in the plier han- 
dles. Plier-type spring compressors allow you to turn the piston with one 
hand while tapping it into the cylinder bore with a hammer handle. 

The band type ring compressor (see illustration) is the cheapest of 
the two, and will work on a range of piston sizes, but it's more likely to snag 
a ring. 


Piston ring groove cleaner 

If you're reusing old pistons, you'll want to clean the carbon out of the 
ring grooves. This odd-looking tool (see illustration) has a cutting bit that 
digs the stuff out. 
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1.94 The piston ring expander pushes the ends of each ring 
apart sa you tan slip it aver the piston crown and into its groove 
without scratching the piston or damaging the ring 


1.96 The one-inch micrometer is an essential precision 
measuring device for determining the dimensions of a wrist pin, 
valve spring shim, thrust washer, etc. 


Piston ring expander 
This plier-like tool (see illustration) pushes the ends of the ring apart 
so you can slip it over the piston crown and into its groove. 


Valve spring compressor 

The valve spring compressor (see illustration) compresses the valve 
springs so you can remove the keepers and the retainer. For engine over- 
haul, if you can afford it, get a C-clamp type that's designed to de-spring 
the head when it's off the engine. Cheaper types also work, but they're 
more time consuming to use. 


Precision measuring tools 

Think of the tools in the following list as the final stage of your tool col- 
lection. If you're planning to rebuild an engine, you've probably already 
accumulated all the screwdrivers, wrenches, sockets, pliers and other ev- 
eryday hand tools that you need. You've also probably collected all the 
special-purpose tools necessary to tune and service your specific engine. 
Now it's time to round up the stuff you'll need to do your own measure- 
ments when you rebuild that engine. 


The tool pool strategy 

If you're reading this book, you may be a motorhead, but engine re- 
building isn't your life — it's an avocation. You may just want to save some 
money, have a little fun and learn something about engine building. If that 


1.95 The valve spring compressor compresses the valve springs 
SO you EEN remove the keepers апа the retainer — the C-type 
(shown) reaches around to the underside of the head and pushes 
against the valve as ї compresses the spring 


1.97 Geta good-quality micrometer ай if you can afford it — this 
set has four micrometers ranging in size from one to four inches 


description fits your level of involvement, think about forming a "tool pool" 
with a friend or neighbor who wants to get into engine rebuilding, but 
doesn't want to spend a lot of money. For example, you can buy a set of 
micrometers and the other guy can buy a dial indicator and a set of small 
hole gauges. 


Start with the basics 

It would be great to own every precision measuring tool listed here, but 
youdon'treally need a machinist's chest crammed with exotic calipers and 
micrometers. You can often get by just fine with nothing more than a feeler 
gauge, modeling clay and Plastigage. Even most professional engine 
builders use only three tools 95-percent of the time: a one-inch outside mi- 
crometer, a dial indicator and a six-inch dial caliper. So start your collection 
with these three items. 


Micrometers 
When you're rebuilding an engine, you need to know the exact thick- 
ness of a sizeable number of pieces. Whether you're measuring the diam- 
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1.98 Digital micrometers are easier to read than conventional 
micrometers, ave just as accurate and ars finally starting to 
become affordable 
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1.99 Avoid micrometer “sets” with interchangeable anvils — 
they're awkward to vss when measuring little parts and 
changing the anvils is a hassle 


eter of a wrist pin or the thickness of a valve spring shim or a thrust washer, 
your tool of choice should be the trusty one-inch outside micrometer (see 
illustration). 

Insist оп accuracy to within one ten-thousandths of an inch 
(0.0001-inch) when you shop for a micrometer. You'll probably never need 
that kind of precision, but the extra decimal place will help you decide 
which way to round off a close measurement. 

High-quality micrometers have a range of one inch. Eventually, you'll 
want a set (see illustration) that spans four, or even five, ranges: 0 to 
1-inch, 1 to 2-inch, 2 to 3-inch and 3-to-4-inch. On engines bigger than 
about 350 cu. in., you'll also probably need a 4-to-5-inch. These five mi- 
crometers will measure the thickness of any part that needs to be mea- 
sured for an engine rebuild. You don't have to run out and buy ail five of 
these babies at once. Start with the one-inch model, then, when you have 
the money, get the next size you need (the 3 to 4-inch size or 4 to 5-inch 
is a good second choice — they measure piston diameters). 

Digital micrometers (see illustration) are easier to read than conven- 
tional micrometers, are just as accurate and are finally starting to become 
affordable. If you're uncomfortable reading a conventional micrometer 
(see sidebar), then get a digital. 

Unless you're not going to use them very often, stay away from mi- 
crometers with interchangeable anvils (see illustration). In theory, one 
of these beauties can do the work of five or six single-range micrometers. 
The trouble is, they're awkward to use when measuring little parts, and 
changing the anvils is a hassle. 
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How to read a micrometer 

The outside micrometer is without a doubt the most widely used 
precision measuring tool. It can be used to make a variety of highly 
accurate measurements without much possibility of error through 
misreading, a problem associated with other measuring instru- 
merits, such as vernier calipers. 

Like any slide caliper, the outside micrometer uses the "double 
contact" of its spindle and anvil (see illustration) touching the ob- 
ject to be measured to determine that object's dimensions. Unlike 
acaliper, however, the micrometer also features a unique precision 
screw adjustment which can be read with a great deal more accura- 
cy than calipers. 


Sleeve Thimble 


1.100 This diagram of а typical one-inch micrometer 
shows its major components 


Why is this screw adjustment so accurate? Because years ago 
toolmakers discovered that a screw with 40 precision machined 
threads to the inch will advance one-fortieth (0.025) of an inch with 
each complete turn. The screw threads on the spindle revolve in- 
side a fixed nut concealed by п sleeve. 

Onaone-inch micrometer, this sleeve is engraved longitudinal- 
ly with exactly 40 lines to the inch, to correspond with the number 
of threads on the spindle. Every fourth line is made longer and is 
numbered one-tenth inch,two-tenths, etc. The other lines are often 
staggered to make them easier to read. 

The thimble (the barre! which moves up and down the sleeve 
as it rotates) is divided into 25 divisions around the circumference 
of its beveled edge and is numbered from zero to 25. Close the mi- 
crometer spindle till it touches the anvil: You should see nothing but 
the zero line on the sleeve next to the beveled edge of the thimble. 
And the zero line of the thimble should be aligned with the horizon- 
tal (or axial) line on the sleeve. Remember: Each full revolution of 
the spindle from zero to zero advances or retracts the spindle one- 
fortieth or 0.025-inch. Therefore, if you rotate the thimble from zero 
on the beveled edge to the first graduation, you will move the 
spindle 1/25th of 1/40th, or 1/25th of 25/1000ths, which equals 
1/1000th, or 0.001-inch. 

Remember: Each numbered graduation on the sleeve repre- 
sents 0.1-inch, each of the other sleeve graduations represents 
0.025-inch and each graduation on the thimble represents 
0.001-inch. Remember those three and you're halfway there. 

For example: Suppose the 4 line is visible on the sleeve. This 
represents 0.400-inch. Then suppose there are an additional three 
lines (the short ones without numbers) showing. These marks are 
worth 0.025-inch each, or 0.075-inch. Finally, there are also two 
marks on the beveled edge of the thimble beyond the zero mark, 
each good for 0.001-inch, or a total of 0.002-inch. Add it all up and 
you get 0.400 plus 0.075 plus 0.002, which equals 0.477-inch. 

Some beginners use a "dollars, quarters and cents" analogy to 
simplify reading a micrometer. Add up the bucks and change, then 
put a decimal point instead of a dollar sign in front of the sum! 
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1.101 The dial indicator is indispensable for degreeing 
crankshafts, measuring valve lift, piston deck clearance, 
crankshaft endplay and а host of other critical measurements 


1.103 This dial indicator is designed to measure depth, such as 
deck height when the piston is below the block surface – with a 
U-shaped bridge (the base seen here is removable), you can 
measure the deck height of pistons that protrude above the deck 
(U-shaped bridges are also useful for checking the flatness of & 
block or cylinder head) 


Dial indicators 
The dial indicator (see illustration) is another measuring mainstay. 
It's indispensable for degreeing camshafts, measuring valve lift, piston 


1.102 Get гп adjustable, flexible fixture like this опе, and а 
magnetic base, to ensure maximum versatility from your dial 
indicator 


deck clearances, crankshaft endplay and all kinds of other little measure- 
ments. Make sure the dial indicator you buy has a probe with at least one 
inch of travel, graduated in 0.001-inch increments. And get a good assort- 
ment of probe extensions up to about six inches long. Sometimes, you 
need to screw a bunch of these extensions together to reach into tight ar- 
eas like pushrod holes. 

Buy a dial indicator set that includes a flexible fixture and a magnetic 
stand (see illustration). If the model you buy doesn't have a magnetic 
base, buy one separately. Make sure the magnetis plenty strong. If a weak 
magnet comes loose and the dial indicator takes a tumble on a concrete 
floor, you can kiss it good-bye. Make sure the arm that attach the dial indi- 
catorto the flexible fixture is sturdy and the locking clamps are easy to op- 
erate. 

Some dial indicators are designed to measure depth (see illustra- 
tion). They have a removable base that straddles a hole. This setup is in- 
dispensable for measuring deck height when the piston is below the block 
surface. To measure the deck height of pistons that protrude above the 
deck, you'll also need a U-shaped bridge for your dial indicator. The bridge 
is also useful for checking the flatness of a block or a cylinder head. 


Calipers 


Vernier calipers (see illustration) aren't quite as accurate as a mi- 
crometer, but they're handy for quick measurements andthey're relatively 
inexpensive. Most calipers have inside and outside jaws, so you can mea- 
sure the inside diameter of a hole, or the outside diameter of a part. 


Fine adjustment 


1.104 Vernier calipers 
aren't quite аз accurate Bs 
micrometers, but they're 
handy for quick 
measurements and 
relatively inexpensive, and 
because they've got jaws 
that can measure internal 
and external dimensions, 
they're versatile 
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1.105 Dial calipers are а lot easier to read than conventional 
vernier calipers, particularly if your eyesight isn't аз good аз 
It used to be! 
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How to read а vernier caliper 

Onthe lower half of the main beam, each inch is divided into ten 
numbered increments, or tenths (0.100-inch, 0.200-inch, etc.). 
Each tenth is divided into four increments of 0.025-inch each. The 
vernier scale has 25 increments, each representing a thousandth 
(0.001) of an inch. 

Firstread the number of inches, then read the number of tenths. 
Addto this 0.025-inch for each additional graduation. Using the En- 
glish vernier scale, determine which graduation of the vernier lines 
up exactly with a graduation on the main beam. This vernier gradu- 
ation is the number of thousandths which are to be added to the 
previous readings. 

For example, let's say: 

1) The number of inches is zero, or 0.000-inch; 
2) The number of tenths is 4, or 0.400-inch; 
3) The number of 0.025's is 2, or 0.050-inch; and 
4) The vernier graduation which lines up with a graduation 
on the main beam is 15, or 0.015-inch. 
5) Add them up: 0.000 
0.400 
0.050 
0.015 
6) And you get: 0.46-inch 
That's all there is to it! 


1.106 The latest calipers have m digital readout that is vem 
easier to read than a dial caliper — another advantage of digital 
calipers is that they have a small microchip that allows them to 

convert instantaneously from inch to metric dimensions 


Better-quality calipers have a dust shield over the geared rack that 
turns the dial to prevent small metal particles from jamming the mecha- 
nism. Make sure there's no play in the moveable jaw. To check, put a thin 
piece of metal between the jaws and measure its thickness with the metal 
close to the rack, then out near the tips of the jaws. Compare.your two 
measurements. If they vary by more than 0.001-inch, look at another cali- 
per — the jaw mechanism is deflecting. 

If your eyes are going bad, or already are bad, vernier calipers can be 
difficult to read. Dial calipers (see illustration) are a better choice. Dial 
calipers combine the measuring capabilities of micrometers with the con- 
venience of dial indicators. Because they're much easier to read quickly 
than vernier calipers, they're ideal for taking quick measurements when 
absolute accuracy isn't necessary. Like conventional vernier calipers, 
they have both inside and outside jaws which allow you to quickly deter- 
mine the diameter of a hole or a part. Get a six-inch dial caliper, graduated 
in 0.001-inch increments. 

The latest calipers (see illustration) have a digital LCD display that 
indicates both inch and metric dimensions. If you can afford one of these, 
it's the hot setup. 

Inside micrometers 
Cylinder bores, main bearing bores, connecting rod big ends — auto- 


motive engines have alot of holes that must be measured accurately with- 
in a thousandth of an inch. Inside micrometers (see illus- 


1.107 Inside micrometers are handy for measuring holes with 
thousandth-of-an-inch accuracy 


tration) are used for these jobs. You read an inside micrometer the same 
way you read an outside micrometer. But it takes more skill to get an accu- 
rate reading. 

To measure the diameter of a hole accurately, you must find the widest 
part of the hole. This involves expanding the micrometer while rocking it 
from side to side and moving it up and down. Once the micrometer is ad- 
justed properly, you should be able to pull it through the hole with a slight 
drag. If the micrometer feels loose or binds as you pull it through, you're 
not getting an accurate reading. 

Fully collapsed, inside micrometers can measure holes as small as 
oneinch in diameter. Extensions or spacers are added for measuring larg- 
er holes. 

Telescoping snap gauges (see illustration) are used to measure 
smaller holes. Simply insert them into a hole and turn the knurled handle 
to release their spring-loaded probes, which expand outto the wails of the 
hole, turn the handle the other way and lock the probes into position, then 
pull the gauge out. After the gauge is removed from the hole, measure its 
width with an outside micrometer. 

For measuring really small holes, such as valve guides, you'll need a 
set of small hole gauges (see illustration). They work the same way as 
telescoping snap gauges, but instead of spring-loaded probes, they have 
expanding flanges on the end that can be screwed in and out by a threaded 
handle. 
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1.108 Telescoping snap gauges are used to measure smaller holes — 
simply insert them into a hole, turn the knurled handle to release their 
spring-loaded probes out to the wall, turn the handle to lock the probes 
into position, pull out the gauge and measure the length from the tip of one 


probe to the tip of the other probe with a micrometer 
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1.109 To measure really small holes, such as valve 
guides, you need a set of small hole gauges — to изе 
them, simply stick them into the hole, turn the knurled 
handle until the expanding flanges are contacting the 
walls of the hole, pull out the gauge and measure the 
width of the gauge at the flanges with a micrometer 


1.110 The dial bore gauge is more accurate and easier to 
vus than an inside micrometer or telescoping snap gauges, 
but it’s expensive — using various extensions, most dial 
gauges have ai range of measurement from just over one 
inch to six inches or more 


Dial bore gauge 

The dial bore gauge (see illustration) is more accurate and easier to 
use — but more expensive — than an inside micrometer for checking the 
roundness of the cylinders, and the bearing bores in main bearing saddles 
and connecting rods. Using various extensions, most dial bore gauges 
have a range of just over 1-inch in diameter to 6 inches or more. Unlike 
outside micrometers with interchangeable anvils, the accuracy of bore 
gauges with interchangeable extensions is unaffected. Bore gauges ac- 
curate to 0.0001-inch are available, but they're very expensive and hard 
to find. Most bore gauges are graduated in 0.0005-inch increments. If you 
use them properly, this accuracy level is more than adequate. 


Storage and care of tools 


Good tools are expensive, so treat them well. After you're through with 
your tools, wipe off any dirt, grease or metal chips and put them away. 


Don't leave tools lying around in the work area. General purpose hand 
tools – screwdrivers, pliers, wrenches and sockets —can be hung on a wall 
panel or stored in a tool box. Store precision measuring instruments, 
gauges, meters, etc. in a tool box to protect them from dust, dirt, metal 
chips and humidity. 


Fasteners 


Fasteners — nuts, bolts, studs and screws — hold parts together. Keep 
the following things in mind when working with fasteners: All threaded fas- 
teners should beclean and straight, with good threads and unrounded cor- 
ners on the hex head (where the wrench fits). Make it a habit to replace 
all damaged nuts and bolts with new ones. Almost all fasteners have a 
locking device of some type, either a lockwasher, locknut, locking tab or 
thread adhesive. Don't reuse special locknuts with nylon or fiber inserts. 
Once they're removed, they lose their locking ability. Install new locknuts. 

Flat washers and lockwashers, when removed from an assembly, 
should always be replaced exactly as removed. Replace any damaged 
washers with new ones. Never use alockwasher on any soft metal surface 
(such as aluminum), thin sheet metal or plastic. 

Apply penetrantto rusted nuts and bolts to loosen them up and prevent 
breakage. Some mechanics use turpentine in a spout-type oil can, which 
works quite well. After applying the rust penetrant, let it work for a few min- 
utes before trying to loosen the nut or bolt. Badly rusted fasteners may 
have to be chiseled or sawed off or removed with a special nut breaker, 
available at too! stores. 

If a bolt or stud breaks off in an assembly, it can be drilled and removed 
with a special tool commonly available for this purpose. Most automotive 
machine shops can perform this task, as well as other repair procedures, 
such as the repair of threaded holes that have been stripped out. 


Fastener sizes 


Foranumber of reasons, automobile manufacturers are making wider 
and wider use of metric fasteners. Therefore, it's important to be able to 
tell the difference between standard (sometimes called U.S. or SAE) and 
metric hardware, since they cannot be interchanged. 
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1.111 Standard (SAE and USS) bolt dimensions/grade marks 


G Grade marks (bolt strength) 

L Length (in inches) 

T Thread pitch (number of threads per inch) 
D Nominal diameter (in inches) 


Metric bolt dimensions/grade marks 


P Property class (bolt strength) 

L Length (in millimeters) 

T Thread pitch (distance between threads in millimeters) 
D Diameter 


Grade 1 or 2 


1.112 Bult strength markings (top — standard/SAE; bottom – metric) 


All bolts, whether standard or metric, are sized in accordance with their 
diameter, thread pitch and length (see illustration). For example, a stan- 
dard 1/2 — 13 x 1 boltis 1/2 inch in diameter, has 13 threads per inch and 
is 1 inch long. An M12 – 1.75 x 25 metric bolt is 12 mm in diameter, has 
a thread pitch of 1.75 mm (the distance between threads) and is 25 mm 
long. The two bolts are nearly identical, and easily confused, but they are 
not interchangeable. 

in addition to the differences in diameter, thread pitch and length, met- 
ric and standard bolts can also be distinguished by examining the bolt 
heads. The distance across the flats on a standard bolt head is measured 
in inches; the same dimension on a metric bolt or nut is sized in millime- 
ters. So don't use a standard wrench on a metric bolt, or vice versa. 

Most standard bolts also have slashes radiating out from the center of 


the head (see illustration) to denote the grade or strength of the bolt, 
whichis an indication of the amount of torque that can be applied to it. The 
greater the number of slashes, the greater the strength of the bolt. Grades 
0 through 5 are commonly used on automobiles. Metric bolts have a prop- 
erty class (grade) number, rather than a slash, molded into their heads to 
indicate bolt strength. In this case, the higher the number, the stronger the 
bolt. Property class numbers 8.8, 9.8 and 10.9 are commonly used on au- 
tomobiles. 

Strength markings can also be used to distinguish standard hex nuts 
from metric hex nuts. Many standard nuts have dots stamped into one 
side, while metric nuts are marked with a number (see illustrations). The 
greater the number of dots, or the higher the number, the greater the 
strength of the nut. 
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1.113 Standard hex nut 
strength markings 


Metric studs are also marked on their ends (see illustration) accord- 
ing to property class (grade). Larger studs are numbered (the same as 
metric bolts), while smaller studs carry a geometric code to denote grade. 

It should be noted that many fasteners, especially Grades 0 through 
2, have no distinguishing marks on them. When such is the case, the only 
way to determine whether it’s standard or metric is to measure the thread 
pitch or compare it to a known fastener of the same size. 

Standard fasteners are often referred to as SAE, as opposed to metric. 
However, it should be noted that SAE technically refers to a non-metric 
fine thread fastener only. Coarse thread non-metric fasteners are referred 
to as USS sizes. 

Since fasteners of the same size (both standard and metric) may have 
different strength ratings, be sure to reinstall any bolts, studs or nuts re- 
moved from your vehicle in their original locations. Also, when replacing 
a fastener with a new one, make sure that the new one has a strength rat- 
ing equal to or greater than the original. 


Tightening sequences and procedures 

Mostthreaded fasteners should be tightened to a specific torque value 
(see accompanying charts). Torque is the twisting force applied to a 
threaded component such as anut or bolt. Overtightening the fastener can 
weaken it and cause it to break, while undertightening can cause it to 
eventually come loose. Bolts, screws and studs, depending on the materi- 
al they are made of and their thread diameters, have specific torque val- 
ues, many of which are noted in the Specifications at the beginning of each 
Chapter. Be sure to follow the torque recommendations closely. For fas- 
teners not assigned a specific torque, a general torque value chart is pres- 
ented here as a guide. These torque values are for dry (unlubricated) 
fasteners threaded into steel or cast iron (not aluminum). As was previous- 
ly mentioned, the size and grade of a fastener determine the amount of 
torque that can safely be applied to it. The figures listed here are approxi- 
mate for Grade 2 and Grade 3 fasteners. Higher grades can tolerate high- 
er torque values. 

If fasteners are laid out in & pattern — such as cylinder head bolts, oil 
pan bolts, differential cover bolts, etc. — loosen and tighten them in se- 
quence to avoid warping the component. Where it matters, we'll show you 
this sequence. If specific pattern isn't that important, the following rule- 
of-thumb guide will prevent warping. 

First, install the bolts or nuts finger-tight. Then tighten them one full turn 
each, in a criss-cross or diagonal pattern. Then return to the first one and, 
following the same pattern, tighten them all one-half turn. Finally, tighten 
each of them one-quarter turn at a time until each fastener has been tight- 
ened to the proper torque. To loosen and remove the fasteners, reverse 
this procedure. 


1.114 Metric nut 
strength markings 


1.115 Metric stud 
strength markings 


9 to 12 
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U.S. thread sizes 
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55 to 80 75 to 108 
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How to remove broken fasteners 

Sooner or later, you’re going to break off a bolt inside its 
threaded hole. There are several ways to remove it. Before you buy 
an expensive extractor set, try some of the following cheaper meth- 
ods first. 

First, regardless of which of the following methods you use, be 
sure to use penetrating oil. Penetrating oil is a special light oil with 
excellent penetrating power for freeing dirty and rusty fasteners. 
But it also works well on tightly torqued broken fasteners. 

If enough of the fastener protrudes from its hole — and if it isn’t 
torqued down too tightly — you can often remove it with vise-grips 
orasmall pipe wrench. If that doesn't work, orifthe fastener doesn't 
provide sufficient purchase for pliers or a wrench, try filing it down 
totake a wrench, or cut a slotin itto accept a screwdriver (see illus- 
tration). If you still can’t get it off — and you know how to weld — try 
welding a flat piece of steel, or a nut, to the top of the broken fasten- 
er. If the fastener is broken off flush with — or below — the top of its 
hole, try tapping it out with a small, sharp punch. If that doesn't 
work, try drilling out the broken fastener with a bit only slightly 
smallerthanthe inside diameter of the hole. For example, ifthe hole 
is 1/2-inch in diameter, use a 15/32-inch drill bit. This leaves a shell 
which you can pick out with a sharp chisel. 

If THAT doesn’t work, you'll have to resort to some form of 
Screw extractor, such as E-Z-Out (see illustration). Screw extrac- 
tors are sold in sets which can remove anything from 1/4-inch to 
1-inch bolts or studs. Most extractors are fluted and tapered high- 
grade steel. To use a screw extractor, drill a hole slightly smaller 
than the O.D. of the extractor you're going to use (Extractor sets 
include the manufacturer's recommendations for what size drill bit 
to use with each extractor size). Then screw in the extractor (see 
illustration) and back it and the broken fastener — out. Extractors 
are reverse-threaded, so they won’t unscrew when you back them 
out. 

A word to the wise: Even though an E-Z-Out will usually save 
your bacon, it can cause even more grief if you're careless or 
sloppy. Drilling the hole for the extractor off-center, or using too 
small, or too big, a bit for the size of the fastener you're removing 
will only make things worse. So be careful! 


1.117 Typical assortment of E-Z-Out extractors 
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1.116 There are several ways to remove a broken fastener 


File it flat or slot it 

Weld on a nut 

Use a punch to unscrew it 

Use a screw extractor (like an E-Z-Out) 
Use a tap to remove the shell 


moouos 


1.118 When screwing in the E-Z-Out, make sure it's 
centered properly 
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How to repair broken threads 

Sometimes, the internal threads of a nut or bolt hole can be- 
come stripped, usually from overtightening. Stripping threads is an 
all-too-common occurrence, especially when working with alumi- 
num parts, because aluminum is so soft that it easily strips out. 
Overtightened spark plugs are another common cause of stripped 
threads. 

Usually, external or internal threads are only partially stripped. 
After they've been cleaned up with a tap or die, they'll still work. 
Sometimes, however, threads are badly damaged. When this hap- 
pens, you've got three choices: 

1) Drillandtapthe hole to the next suitable oversize and install 
a larger diameter bolt, screw or stud. 

2) Drillandtapthe hole to accept athreaded plug, then drilland 
tap the plug to the original screw size. You can also buy a plug al- 
ready threaded to the original size. Then you simply drill a hole to 
the specified size, then run the threaded plug into the hole with a 
bolt and jam nut. Once the plug is fully seated, remove the jam nut 
and bolt. 

3) The third method uses a patented thread repair kit like Heli- 
Coil or Slimsert. These easy-to-use kits are designed to repair 
damaged threads in spark plug holes, straight-through holes and 
blind holes. Both are available as kits which can handle a variety 
of sizes and thread patterns. Drill the hole, then tap it with the spe- 
cialincluded tap. Install the Heli-Coil (see illustration) andthe hole 


is back to its original diameter and thread pitch. 

Regardless of which method you use, be sure to proceed calm- 
ly and carefully. A little impatience or carelessness during one of 
these relatively simple procedures can ruin your whole day’s work 
and cost you a bundle if you wreck an expensive head or block. 


Standard Screw Fits In... 


Heli-coil 
Tapped Hole 


' Heli-coil Insert in... 


0287H 


1.119 To Inatall a Heli-Coil, drill out the hole, tap it with 
the special included tap and screw in the Heli-Coil 


Component disassembly 


Disassemble components carefully to help ensure that the parts go 
back together properly. Note the sequence in which parts are removed. 
Make note of special characteristics or marks on parts that can be installed 
more than one way, such as a grooved thrust washer on a shaft. It's a good 
idea to lay the disassembled parts out on a clean surface in the order in 
which you removed them. It may also be helpful to make sketches or take 
instant photos of components before removal. 

When you remove fasteners from a component, keep track of their lo- 
cations. Thread a bolt back into a part, or put the washers and nut back 
on a stud, to prevent mix-ups later. If that isn't practical, put fasteners in 
a fishing tackle box or a series of small boxes. A cupcake or muffin tin, or 
an egg crate, is ideal for this purpose — each cavity can hold the bolts and 
nuts from a particular area (i.e. oil pan bolts, valve cover bolts, engine 
imount bolts, etc.). A pan of this type is helpful when working on assem- 
blies with very small parts, such as the carburetor or valve train. Mark each 
cavity with paint or tape to identify the contents. 

When you unplug the connector(s) between two wire harnesses, or 
even two wires, it's a good idea to identify the two halves with numbered 
pieces of masking tape — or a pair of matching pieces of colored electrical 
tape — so they can be easily reconnected. 


Gasket sealing surfaces 


Gaskets seal the mating surfaces between two parts to prevent lubri- 
cants, fluids, vacuum or pressure from leaking out between them. Gas- 
kets are often coated with a liquid or paste-type gasket sealing compound 
before assembly. Age, heat and pressure can cause the two parts to stick 
together so tightly that they're difficult to separate. Often, you can loosen 
the assembly by striking it with a soft-face hammer near the mating sur- 
faces. You сап use a regular hammer if you place a block of wood between 
the hammer and the part, but don't hammer on cast or delicate parts that 
canbe easily damaged. When a part refuses to come off, look for a fasten- 
er that you forgot to remove. 


Don't use a screwdriver or pry bar to pry apart an assembly. It can easi- 
ly damage the gasket sealing surfaces of the parts, which must be smooth 
to seal properly. If prying is absolutely necessary, use an old broom handle 
or B section of hard wood dowel. 

Once the parts are separated, carefully scrape off the old gasket and 
clean the gasket surface. You can also remove some gaskets with a wire 
brush. If some gasket material refused to come off, soak it with rust pene- 
trant or treat it with a special chemical to soften it, then scrape it off. You 
can fashion a scraper from a piece of copper tubing by flattening and 
sharpening one end. Copper is usually softer than the surface being 
scraped, which reduces the likelihood of gouging the part. The mating sur- 
faces must be clean and smooth when you're done. If the gasket surface 
is gouged, use a gasket sealer thick enough to fill the scratches when you 
reassemble the components. For most applications, use a non-drying (or 
semi-drying) gasket sealer. 


Hose removal tips 


Warning: /f the vehicle is equipped with air conditioning, do not discon- 
nectany of the A/C hoses without first having the system depressurized by 
a dealer service department or a service station (see the Haynes Automo- 
tive Heating and Air Conditioning Manual). 

The same precautions that apply to gasket removal also apply to 
hoses. Avoid scratching or gouging the surface against which the hose 
mates, or the connection may leak. Take, for example, radiator hoses. Be- 
cause of various chemical reactions, the rubber in radiator hoses can bond 
itself to the metal spigot over which the hose fits. To remove a hose, first 
loosen the hose clamps that secure it to the spigot. Then, with slip-joint 
pliers, grab the hose at the clamp and rotate it around the spigot. Work it 
back and forth until it is completely free, then pull it off. Silicone or other 
lubricants will ease removal if they can be applied between the hose and 
theoutside of the spigot. Apply the same lubricantto the inside of the hose 
and the outside of the spigot to simplify installation. Snap-On and Mac 
Tools sell hose removal tools — they look like bent ice picks — which can 
be inserted between the spigot and the radiator hose to break the seal be- 
tween rubber and metal. 


1—40 Chapter 1 


Introduction 


As a last resort — or if you're planning to replace the hose anyway — 
slit the rubber with a knife and peel the hose from the spigot. Make sure 
you don't damage the metal connection. 

Ifahose clampis broken or damaged, don't reuse it. Wire-type clamps 
usually weaken with age, so it's a good idea to replace them with screw- 
type clamps whenever a hose is removed. 


Automotive chemicals and lubricants 


A wide variety of automotive chemicals and lubricants — ranging from 
cleaning solvents and degreasers to lubricants and protective sprays for 
rubber, plastic and vinyl — is available. 


Cleaners 


Brake system cleaner 

Brake system cleaner removes grease and brake fluid from brake 
parts like disc brake rotors, where a spotless surfaces is essential. It 
leaves no residue and often eliminates brake squeal caused by contami- 
nants. Because it leaves no residue, brake cleaner is often used for clean- 
ing engine parts as well. 


Carburetor and choke cleaner 

Carburetor and choke cleaner is a strong solvent for gum, varnish and 
carbon. Most carburetor cleaners leave a dry-type lubricant film which will 
nothardenorgumup. So don't use carb cleaner on electrical components. 


Degreasers 

Degreasers are heavy-duty solvents used to remove grease from the 
outside of the engine and from chassis components. They're usually 
sprayed or brushed on. Depending on the type, they're rinsed off either 
with water or solvent. 


Demoisturants 

Demoisturants remove water and moisture from electrical compo- 
nents such as alternators, voltage regulators, electrical connectors and 
fuse blocks. They are non-conductive, non-corrosive and non-flammable. 


Electrical cleaner 

Electrical cleaner removes oxidation, corrosion and carbon deposits 
from electrical contacts, restoring full current flow. It can also be used to 
clean spark plugs, carburetor jets, voltage regulators and other parts 
where an oil-free surface is necessary. 


Lubricants 


Assembly lube 

Assembly lube is a special extreme pressure lubricant, usually con- 
taining moly, used to lubricate high-load parts (such as main and rod bear- 
ings and cam lobes) for initial start-up of anew engine. The assembly lube 
lubricates the parts without being squeezed out or washed away until the 
engine oiling system begins to function. 


Graphite lubricants 

Graphite lubricants are used where oils cannot be used due to contam- 
ination problems, such as in locks. The dry graphite will lubricate metal 
parts while remaining uncontaminated by dirt, water, oil or acids. Itis elec- 
trically conductive and will not foul electrical contacts in locks such as the 
ignition switch. 


Heat-sink grease 

Heat-sink grease is a special electrically non-conductive grease that 
is used for mounting electronic ignition modules where it is essential that 
heat is transferred away from the module. 


Moly penetrants 
Moly penetrants loosen and lubricate frozen, rusted and corroded fas- 
teners and prevent future rusting or freezing. 


Motor oil 

Motor oil is the lubricant formulated for use in engines. It normally con- 
tains a wide variety of additives to prevent corrosion and reduce foaming 
and wear. Motor oil comes in various weights (viscosity ratings) from 5 to 
80. The recommended weight of the oil depends on the season, tempera- 
ture and the demands on the engine. Light oil is used in cold climates and 
under light load conditions. Heavy oil is used in hot climates and where 
high loads are encountered. Multi-viscosity oils are designed to have char- 
acteristics of both light and heavy oils and are available in a number of 
weights from 5W-20 to 20W-50. Some home mechanics use motor oil as 
an assembly lube, but we don’t recommend it, because motor oil has a rel- 
atively thin viscosity, which means it will slide off the parts long before the 
engine is fired up. 


Silicone lubricants 
Silicone lubricants are used to protect rubber, plastic, viny! and nylon 
parts. 


Wheel bearing grease 

Wheel bearing grease is a heavy grease that can withstand high loads 
and friction, such as wheel bearings, balljoints, tie-rod ends and universal 
joints. It's also sticky enough to hold parts like the keepers for the valve 
spring retainers in place on the valve stem when you're installing the 
springs. 


White grease 

White grease is a heavy grease for metal-to-metal applications where 
water is present. It stays soft under both low and high temperatures (usu- 
ally from -100 to +190-degrees F), and won't wash off or dilute when ex- 
posed to water. Another good "glue" for holding parts in place during 
assembly. 


Sealants 


Anaerobic sealant 

Anaerobic sealant is much like RTV in that it can be used either to seal 
gaskets or to form gaskets by itself. It remains flexible, is solvent resistant 
and fills surface imperfections. The difference between an anaerobic sea- 
lant and an RTV-type sealant is in the curing. RTV cures when exposed 
to air, while an anaerobic sealant cures only in the absence of air. This 
means that an anaerobic sealant cures only after the assembly of parts, 
sealing them together. 


RTV sealant 

RTV sealant is one of the most widely used gasket compounds. Made 
from silicone, RTV is air curing, it seals, bonds, waterproofs, fills surface 
irregularities, remains flexible, doesn't shrink, is relatively easy to remove, 
and is used as a supplementary sealer with almost all low and medium 
temperature gaskets. 


Thread and pipe sealant 

Thread and pipe sealant is used for sealing hydraulic and pneumatic 
fittings and vacuum lines. It is usually made from a teflon compound, and 
comes in a spray, a paint-on liquid and as a wrap-around tape. 


Chemicals 


Anaerobic locking compounds 

Anaerobic locking compounds are used to keep fasteners from vibrat- 
ing or working loose and cure only after installation, in the absence of air. 
Medium strength locking compound is used for small nuts, bolts and 
screws that may be removed later. High-strength locking compoundis for 
large nuts, bolts and studs which aren't removed on a regular basis. 
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Anti-seize compound 

Anti-seize compound prevents seizing, galling, cold welding, rust and 
corrosion in fasteners. High-temperature anti-seize, usually made with 
copper and graphite lubricants, is used for exhaust system and exhaust 
manifold bolts. 


Gas additives 

Gas additives perform several functions, depending on their chemical 
makeup. They usually contain solvents thathelp dissolve gum and varnish 
that build up on carburetor, fuel injection and intake parts. They also serve 
to break down carbon deposits that form on the inside surfaces of the com- 
bustion chambers. Some additives contain upper cylinder lubricants for 
valves and piston rings, and others contain chemicals to remove conden- 
sation from the gas tank. 


Cil additives ‹ 

Ой additives range from viscosity index improvers to chemical treat- 
ments that claim to reduce internal engine friction. It should be noted that 
most oil manufacturers caution against using additives with their oils. 


Safety first! 


Regardless of how enthusiastic you may be about getting on with the 
job at hand, take the time to ensure that your safety is not jeopardized. A 
moment's lack of attention can result in an accident, as can failure to ob- 
serve certain simple safety precautions. The possibility of an accident will 
always exist, and the following points should not be considered a compre- 
hensive list of all dangers. Rather, they are intended to make you aware 
of the risks and to encourage a safety conscious approach to all work you 
carry out on your vehicle. 


Essential DOs and DON'Ts 

DON'T rely on a jack when working under the vehicle. Always use ap- 
proved jackstands to support the weight of the vehicle and place them un- 
der the recommended lift or support points. 


DON'T attempt to loosen extremely tight fasteners (i.e. wheel lug nuts) 
while the vehicle is on a jack — it may fail. 


DON'T startthe engine without first making sure that the transmission is in 
Neutral (or Park where applicable) and the parking brake is set. 


DON'T remove the radiator cap from a hot cooling system — let it cool or 
cover it with a cloth and release the pressure gradually. 


DON'T attemptto drain the engine oil until you are sure it has cooled to the 
point that it will not burn you. 


DON'T touch any part of the engine or exhaust system until it has cooled 
sufficiently to avoid burns. 


DON'T siphon toxic liquids such as gasoline, antifreeze and brake fluid by 
mouth, or allow them to remain on your skin. 


DON'T inhale brake lining or clutch disc dust — it is potentially hazardous 
(see Asbestos below) 


DON'T allow spilled oil or grease to remain on the floor — wipe it up before 
someone slips on it. 


DON'T use loose fitting wrenches or other tools which may slip and cause 
injury. 


DON'T push on wrenches when loosening or tightening nuts or bolts. Al- 
ways try to pull the wrench toward you. If the situation calls for pushing the 
wrench away, push with an open hand to avoid scraped knuckles if the 
wrench should slip. 


DON'T attemptto liftaheavy component alone — get someone to help you. 
DON'T rush or take unsafe shortcuts to finish a job. 


DON'T allow children or animals in or around the vehicle while you are 
working on it. 


DO wear eye protection when using power tools such as a drill, sander, 
bench grinder, etc. and when working under a vehicle. 


DO keep loose clothing and long hair well out of the way of moving parts. 


DO make sure that any hoist used has a safe working load rating adequate 
for the job. 


DO get someone to check on you periodically when working alone on a 
vehicle. 


DO carry out work in a logical sequence and make sure that everything is 
correctly assembled and tightened. 


DO keep chemicals and fluids tightly capped and out of the reach of chil- 
dren and pets. 


DO remember that your vehicle's safety affects that of yourself and others. 
If in doubt on any point, get professional advice. 


Asbestos 

Certain friction, insulating, sealing, and other products — such as brake 
linings, brake bands, clutch linings, torque converters, gaskets, etc. — con- 
tain asbestos. Extreme care must be taken to avoid inhalation of dust from 
such products since it is hazardous to health. if in doubt, assume that they 
do contain asbestos. 


Batteries 

Never create a spark or allow a bare light bulb near a battery. They nor- 
mally give off a certain amount of hydrogen gas, which is highly explosive. 

Always disconnect the battery ground (-) cable at the battery before 
working on the fuel or electrical systems. 

If possible, loosen the filler caps or cover when charging the battery 
from an external source (this does not apply to sealed or maintenance-free 
batteries). Do not charge at an excessive rate or the battery may burst. 

Take care when adding water to a non maintenance-free battery and 
when carrying a battery. The electrolyte, even when diluted, is very corro- 
sive and should not be allowed to contact clothing or skin. 

Always wear eye protection when cleaning the battery to prevent the 
caustic deposits from entering your eyes. 


Fire 

We strongly recommend that a fire extinguisher suitable for use on fuel 
and electrical fires be kept handy in the garage or workshop at all times. 
Never try to extinguish a fuel or electrical fire with water. Post the phone 
number for the nearest fire department in a conspicuous location near the 
phone. 


Fumes 


Certain fumes are highly toxic and can quickly cause unconsciousness 
and even death if inhaled to any extent. Gasoline vapor falls into this cate- 
gory, as do the vapors from some cleaning solvents. Any draining or pour- 
ing of such volatile fluids should be done in a well ventilated area. 

When using cleaning fluids and solvents, read the instructions on the 
container carefully. Never use materials from unmarked containers. 

Never run the engine in an enclosed space, such as a garage. Exhaust 
fumes contain carbon monoxide, which is extremely poisonous. If you 
need to run the engine, always do so in the open air, or at least have the 
rear of the vehicle outside the work area. 


Household current 

When using an electric power tool, inspection light, etc., which oper- 
ates on household current, always make sure that the toolis correctly con- 
nected to its plug and that, where necessary, it is properly grounded. Do 
not use such items in damp conditions and, again, do not create a spark 
or apply excessive heat in the vicinity of fuel or fuel vapor. 


Keep it clean 


Get in the habit of taking a regular look around the shop to check for 
potential dangers. Keep the work areaclean and neat. Sweep up all debris 
and dispose of it as soon as possible. Don’t leave tools lying around on 
the floor. 
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Be very careful with oily rags. Spontaneous combustion can occur if 
they're left in a pile, so dispose of them properly in a covered metal con- 
tainer. 

Check all equipment and tools for security and safety hazards (like 
frayed cords). Make necessary repairs as soon as a problem is noticed 
— don't wait for a shelf unit to collapse before fixing it. 


Accidents and emergencies 

Shopaccidents range from minorcuts and skinned knuckles to serious 
injuries requiring immediate medical attention. The former are inevitable, 
while the latter are, hopefully, avoidable or at least uncommon. Think 
about what you would do in the event of an accident. Get some first aid 
training and have an adequate first aid kit somewhere within easy reach. 

Think about what you would do if you were badly hurt and incapaci- 
tated. Is there someone nearby who could be summoned quickly? If possi- 
ble, never work alone just in case something goes wrong. 

If you had to cope with someone else's accident, would you know what 
to do? Dealing with accidents is a large and complex subject, and it's easy 
to make matters worse if you have no idea how to respond. Rather than 
attempt to deal with this subject in a superficial manner, buy a good First 
Aid book and read it carefully. Better yet, take a course in First Aid at a local 
junior college. 


Diesel Engine Troubleshooting 


General information 

Correct diagnosis is an essential part of every repair; without it you can 
only cure the problem by accident. This Section is devoted to engine 
checks and diagnosis. 

There are several common types of problems that occur frequently on 
diesel engines. The diagnosis information in this Section assumes the en- 
gine is in satisfactory condition internally. 

Worn engines that have low compression and excessive blowby grad- 
ually become more difficult to start. Low ambient temperatures aggravate 
the problem. If the engine you are working on consumes an excessive 
amount of oil, has internal knocks from bearings, etc., burned valves or 
is otherwise suspected to be in need of internal repair or overhaul; refer 
to Chapter 4 for further diagnosis information. 

Ifan engine that was running normally loses power or stalls completely, 
itis usually caused by fuel starvation. Refer to the Maintenence and Fuel 
System portions of Chapter 2 for GM engines and Chapter 3 for Ford en- 
gines. 

If an engine that has been functioning well cranks normally but refuses 
to start when cold, itis usually caused by a malfunctioning glow plug sys- 
tem. Refer to the Glow Plug System Section of the Electrical System por- 
tion of Chapter 2 for GM engines and Chapter 3 for Ford engines. 

Problems that occur gradually tend to be caused by mechanical wear, 
whereas problems that occur suddenly are more likely to be caused by an 
electrical component failure. Always check the simplest items first. Be 
sure there is clean, good quality diesel fuel in the tank(s). Make sure the 
fuel filter(s) are clean and no water has accumulated in the water separa- 
tors. Ensure that the batteries are fully charged and the engine oilis at the 
correct level and is of the proper viscosity. 

Sometimes, in extremely cold weather, the only practical way to get a 
diesel engine started is to put the vehicle into a warm garage to thaw out. 
Thickened fuel will clog the filters and excessive cranking can burn out the 
starter motor. 


Rough Idle Diagnosis 
A rough idle is caused by uneven power output between cylinders as 
they fire. The following items can vary the fuel flow to each cylinder and 
change its relative power output. 
Air in fuel system 
Nozzle opening pressure 


Nozzle tip leakage 
Injection pump output 
Injection pump low speed governor sensitivity 


Smoke Diagnosis 

Three different types of smoke will be reviewed in this section. Black, 
white and blue. 

Black smoke is the most common smoking complaint. Under full load 
conditions, the exhaust smoke contains a large quantity of unburned car- 
bon (soot) formed by excess fuel in the over-rich mixture in the cylinder. 

Any variable that increases fuel or reduces the amount of air taken into 
the cylinder will increase the tendency to produce black exhaust smoke. 

Some causes of black smoke are: 

Air into injection pump 

Restricted fuel return 

Injection pump timing advanced (usually will be accompanied by 

excess combustion noise) 

Wrong fuel 

Excess fuel delivery from nozzles due to low opening pressure or 

stuck nozzle 

Low fuel pump pressure 

Clogged air inlet 

EGR stuck open (at full throttle only) - GM engines 

Low compression 

Missing prechamber (causes black smoke when hot and white smoke 

when cold) 

Restricted exhaust 


White Smoke 

Under light loads, the average temperature in the combustion cham- 
ber may drop 500 degrees due to the decreased amount of fuel being 
burned. As a result of the lower temperature, the fuel ignites so late that 
combustion is incomplete at the time the exhaust valve opens and fuel 
goes into the exhaustin an unburned or partially burned condition, produc- 
ing the white smoke. White smoke is considered normal when the vehicle 
is first started but should stop as the vehicle warms up. A continuing white 
smoke condition could indicate: 

Loss of compression 

Retarded injection pump timing 

Restricted fuel return 

Thermostat stuck open 


Blue Smoke 

Blue smoke indicates that engine oil is burning in the cylinders and may 
be accompanied by excessive oil consumption. Some conditions which 
should be considered are: 

Cracked pistons 

Worn or damaged cylinder walls 

Stuck piston rings 

Worn or broken piston rings 

Failed valve seals or guides 

Faulty crankcase vent 

Oil level too high 

Fuel in crankcase oil 

Inaccurate dipstick (causing the crankcase to be overfilled) 


Power balance test 


A power balance test may be used to determine which cylinder(s) are 
not doing their share of the work when there is a rough and uneven idle 
and/or skipping under load. The injector line for each cylinder is loosened 
momentarily at the injector and the resultant drop in idle speed is noted. 
If a cylinder is not producing power, the idle speed won't drop when the 
fuel to it is shut off. 

Allow the engine to warm up completely. Set the parking brake and put 
the transmission in Neutral (or Park on automatics). 
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Loosen the fuel line fittings at the injectors one at a time (see illustra- 
tion) until fuel leaks from the line and notice the rpm drop for each one, 
then compare the results. Warning: Wear eye protection and position a 
cloth to catch the fuel spray. 

On ahealthy engine, the rpm drop will be about the same for each cyl- 
inder. If the rpm doesn't drop when an injector is shorted out, there is a 
problem with that cylinder. 

Perform a compression test as described in Chapter 4. If compression 
is low, repair the engine as necessary. If compression is normal, test the 
fuelinjector. If the injector and compression test normal, have the injection 
pump tested by an authorized Roosa-Master repair facility. 


The following charts will help you diagnose 


your engine more completely. 


1.120 Loosen the fuel line very carefully; the fuel is under very 
high pressure — it's a good idea to have а rag nearby to catch the 
leaking diesel fuel 
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FAST IDLE INOPERATIVE 
FAULTY FUEL SUPPLY PUMP 
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PARAFFIN DEPOSIT IN FILTER 
IDLE SPEED TOO LOW 
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а. Incorrect Starting Use recommended starting procedure. 
Procedure 
b. Glow Plugs Inoperative Refer to Glow Plug Section (Chapter 2 or 3) 


c. Glow Plug Control System Refer to Glow Plug Section (Chapter 2 or 3) 
Inoperative 


d. No Fuel into Cylinders Remove any one glow plug. Depress 
the throttle part way and crank the 
engine for 5 seconds. If no fuel vapors 
come out of the glow plug hole, go to 
step e. If fuel vapors urz noticed 
remove the remainder of the glow 
plugs and see if fuel vapors come out 
of each hole when the engine is 
cranked. If fuel comes out of one glow 
plug hole only clean and test the 
injection nozzle in that cylinder. Crank 
the engine and check to see that fuel 
vapors азе coming out of all glow plug 
holes. If fuel is coming from each 
cylinder, go to step К. 


Engine Cranks Normally 
— Will Not Start 


Disconnect fuel return line at injection 
pump and route hose to а metal 
container. Connect a hose to the 
injection pump connection, route it to 
the metal container. Crank the engine. 
If it starts and runs, correct restriction 
in fuel return lines. If it does not start, 
remove the top of the injection pump 
and make sure that it is not plugged. 


NOTE: If fitting is plugged and/or small 
black particles are visible in the pump, 
a governor weight retainer flex ring 

may be needed. 


e. Plugged Fuel Return 
System 


Loosen the line coming out of the 
filter. Crank the engine, the fuel should 
spray out of the fitting, use care to 
direct fuel away from sources of 
ignition. If fuel sprays from the fitting 
go to step j. 


NOTE: Perform #1 supply system 
checks at the end of this section. 


Loosen the line going to the filter. If 
fuel sprays from the fitting, the filter is 
plugged and should be replaced. Use 
care to direct the fuel away from 
sources of ignition. 


f. No Fuel to Injection 
Pump 


g. Restricted Fuel Filter 
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. CONDITION — POSSIBLE CAUSE 


Engine Cranks Normally h. Fuel Pump Inoperative Remove inlet hose to fuel pump. 

— Will Not Start Connect a hose to the pump from a 

(Cont'd) separate container that contains fuel. 
Loosen the line going to the filter. If 
fuel does not spray from the fitting, 
replace the pump. Use care to direct 
the fuel away from source of ignition. 


i. Restricted Fuel Tank Remove fuel tank and check filter. 
Filter 


j No Voltage to Fuel 


Solenoid 1. Connect a voltmeter to the wire at 


the injection pump solenoid and ground. 
The voltage should be a 

minimum of 9 volts. If there is 

inadequate voltage, check for 

an open circuit in the ignition 

Switch or related wiring. 


. Disconnect pink lead from terminal 
on top of injection pump. Turn key 
to "ON" position. Touch lead to and 
remove — audible clicking sound 
should be heard from within pump. 
If no sound is heard, turn key off 
and remove governor cover. Check 
solenoid arm and plunger for 
freedom of movement. Repair or 
replace solenoid as necessary. 
NOTE: Occasionally, plunger 
solenoid stickiness may be caused 
by an accumulation of metallic 
debris in the mechanism. Before 
replacing inoperative solenoids, blow 
off the debris with compressed air 
and recheck for proper operation by 
applying a minimum of 12 volts to 
the terminal and grounding the 
соуег. 


К. Incorrect or Contaminated Flush fuel system and install correct 
Fuel fuel. Replace with correct fuel. To 

verify suspected poor quality fuel, 
connect à hose to the inlet of the fuel 
supply pump and route to a container 
of known good quality fuel. If engine 
starts and runs, drain and flush poor 
fuel from vehicle. 
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Engine Cranks 
Normally — Will Not. 
Start (Cont'd) 


Make certain that pump timing mark is 
aligned with mark on adapter or front 

cover. Check timing with timing meter 
(if available or applicable) 


|. Pump Timing Incorrect 


Check compression to determine 
cause. Repair as necessary. 


m. Low Compression 


n. Bent Upper Compression Replace rings. 
Ring 


о. Injection Pump 
Malfunction 


With pump on engine, check transfer 
pressure during cranking. If incorrect, 
remove pump from engine and have the 
calibration checked by an authorized 
repair agency. Particular attention should 
be paid to cranking delivery and transfer 
pressure at cranking speed. 


p. Nozzle Malfunction Remove nozzles from engine and 
check on nozzle tester according to 


manufacturers' instructions. 


Connect а known good hose to в 
container of known good fuel, if engine 
starts, locate source of air leak in 

supply lines. 


q. Air In Fuel Supply Lines 


Remove restrictions in cooler or cooler 
line. 


a. Oil Cooler or Oil Cooler 
Line Restricted 


Instrument Panel Cil 
Warning Lamp "ON" at 
Idle 


b. Oil Pump Pressure Low See oil pump repair procedures. 
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Engine Wilt Not Shut . Injection Pump Fuel 

Off With Key Solenoid Does Not Return See steps b and c below. 
Metering Valve to “OFF” 
Position 


NOTE: With Engine at 
Idle, Pinch the Fuel . Disconnect Wire at Check for a short circuit in the ignition 
Retum Line at tha Solenoid, if Engine Now switch or related wiring. 
Flaxihia Hose to Shut Shuts Off 
Ol! Engine. 
. If the Engine Still Does Remove injection pump for repair. 
Not Shut Off 


Engine Starts But Will . Slow Idle Incorrectly Adjust idle screw to specification. 
Not Continue to Run at Adjusted 
Idle and Stalls 


. Fast Idle Solenoid With engine cold, start engine; 
Inoperative solenoid should move to hold injection 
pump lever in "fast idle position". If 
solenoid does not move, check for a defective 
solenoid or an open in the fast idle circuit. 


c. H.P.C.A. Switch or | With engine cold, start engine; 
Solenoid Inoperative disconnect and connect green wire 
(GM only) on injection pump. Engine RPM's 

and/or sound should change. 
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Engine Starts But Will c. Restricted Fuel Return Disconnect fuel return line at injection 

Not Continue to Run at System pump and route hose to а metal 

Idle and Stalls (Cont'd) container. Connect а hose to the 
injection pump connection; route it to 
the metal container. Crank the engine 
and allow it to idle. If engine idles 
normally, correct restriction in fuel 
return lines. If engine does not idle 
normally, remove the return line check 
valve fitting from the top of the pump 
and make sure it is not plugged. 


NOTE: If the fitting is plugged and/or 

small black particles are visible in the 
pump, а governor weight retainer flex 
ring may be M fault. 


d. Glow Plugs Turn Off Too Refer to Glow Plug Section (Chapter 2 or 3) 
Soon 


e. Pump Timing Incorrect Make certain that timing mark on 
. injection pump is aligned with mark on 
adapter or front cover. 


f. Limited Fuel to Injection Test the engine fuel pump; check fuel 
Pump (Fuel Supply) lines. Replace or repair ав necessary. 

g. Incorrect or Contaminated Flush fuel system and install correct 
Fuel fuel. 


h. Low Compression Check compression to determine 
cause. 


і. Fuel Solenoid Closes іп Check ignition switch and related wiring 
Run Position 


j. Injection Pump Remove injection pump for repair. 
Malfunction 


k. Incorrect or Poor Quality Replace with correct fuel. To verify 
Fuel suspected poor quality fuel, connect a 
. hose to the inlet of the fuel supply 
pump and route to а container filled 
with known good quality fuel. Start and 
run engine. If performance of engine 
improves, drain and flush. system of 
poor fuel and replace with correct fuel. 
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Engine Starts But Will 
Not Continue to Run at 
Idle and Stalls (Cont'd) 


Engine Stalls Under 
Deceleration or Heavy 
Braking 


Excessive Surge at 
Light Throttle, Under 
Load 

NOTE: If Engine Has a 
Rough Idle 
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. Air in Fuel 


NOTE: A malfunctioning 
injection pump ball 
check regulator valve 
will allow fuel to 

siphon backwards. 


. Idle Speed Too Low 


. Governor Weight Retainer 


Ring Fault. 


. Binding Condition 


Between Min-Max Block - 
and Throttle Shaft 


. Sticky Metering Valve or 


Linkage in Injection Pump 


. Torque Converter Clutch 


Engages Too Soon 


. Timing Retarded 


Check for presence of air by 
disconnecting fuel return line from top 
of pump and connecting a clear hose 
to return fitting. Route hose to a metal 
container. Start engine and allow to 
idle. Watch return fuel for air bubbles. 
If bubbles are present, locate source of 
air leak in fuel supply system and 
correct. If stalling occurs only on cold 
engine start up, check for fuel leaking 
backwards, or air leaking into the fuel 
supply lines. 


Adjust to specification and also check 
and adjust fast idle solenoid. 


Remove governor cover and check for 
small black particles. If they are 
present, a governor weight retainer flex 
ring may be at fault. 


To check for binding between min-max 
block and throttle shaft, remove 
governor cover, place throttle in low 
idle position and slide min-max 
governor back and forth on guide stud. 
Assembly should move freely without 
binding. 


Remove pump from engine, mount on 
test bench and check calibration 
paying particular attention to low idle 
settings and action of governor around 
low idle speed. Repair or replace 
metering valve or other governor 
components дз necessary. 


Remove transmission for repair. 


Be sure timing mark on injection pump 
is aligned with mark on adapter or 
front cover. 
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Excessive Surge at Check fuel pump pressure on inlet and 
Light Throttle, Under - outlet sides of filter. 
Load (Cont'd) 

d. Injection Pump Housing 1. Repair return line restriction. 


Pressure Too High 2. Replace back leak connector. 


e. Injection Line Volume Too Replace affected line(s). 
Low 
f. Low Opening Pressure Replace nozzle. 
Nozzle 
Engine Starts, Idles a. Slow Idle Incorrectly Adjust slow idle screw to specification. 
Rough, WITHOUT Adjusted 


Abnormal Noise or 

Smoke (Fully Warmed b. Injection Line Leaks Wipe off injection lines and 

Up Engine) connections. Run engine and check for 
leaks. Correct leaks. 


c. Restricted Fuel Return Disconnect fuel return line at injection 
Systems ` pump and route hose to a metal 

container. Connect a hose to the 
injection pump connection; route it to 
the metal container. Start the engine 
and allow it to idle; if engine idles 
normally, correct restriction to fuel 
return lines. If engine does not idle 
normally, remove the return line check 
valve fitting from the top of the pump 
and make sure it is not plugged. 


d. Air in System Install a section of clear plastic tubing 
on the fuel return fitting from the 
engine. Evidence of bubbles in fuel 
when cranking or running indicates the 
presence of an air leak in the suction 
fuel line. Locate and correct. If foam or 
bubbles are present, proceed as 
follows: 


. Raise vehicle and disconnect both 
fuel lines at the tank unit. 


. Plug the smaller disconnected return 
line. 


. Attach а low pressure (preferably 
hand operated pump) air pressure 
source to the larger 3/8 fuel hose 
and apply 8-12 psi. 


. Observe the pressure pump reading 
of 8-10 psi. A decrease in pressure 
will push fuel out at the leak point 
indicating the location of the leak. 
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5. Repair &s necessary. In checking foi 
air comments, the proper size 
clamps on all hoses should be 
checked. Also, à burr on the edge of 
a pipe could rip the inside of a line 

and create air ingestion. Particular 

attention should be given to 
improper installation or defective 
auxiliary filters or water separators. 


e. Incorrect or Contaminated Flush fuel system and install correct 
Fuel fuel. 


Perform glow plug resistance test 
or crack open the nozzle inlet fitting, 
to locate the missing cylinder. 


g. Incorrect Timing 1. Check timing. 


2. If pump is equipped with 
NOTE: Retarded timing will ical li 
= Me oraa, Miss mechanical light load advance, 


check for sticky or stuck advance 
timing will cause black smoke. mechanism (internal timing) by 


depressing the rocker level on the 
side of the injection pump with 

engine at 2000 RPM. If the engine 
sound does not change, the pump 
should be removed and sent to an 


authorized agency for repairs. 


Fully Warmed Up d. Air in System (Cont'd) 
Engine idles Rough in 
Neutral and/or Drive 


(Cont'd) 


f. Nozzle(s) Malfunction 


h. Governor Weight Retainer 
Flex Ring Fault 


Remove governor cover and check for 
small black particles. If they are 

present а governor weight retainer flex 
ring may be at fault. 


i. Low or Uneven Engine 


Check compression — See Chapter 4 
Compression 
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Fully Warmed Up j Internal Injection Pump Remove pump from engine and have 
Engine Idles Rough in Fault calibration checked by an authorized 
Neutral and/or Drive agency. 

(Cont'd) 


Cold Engine Idles a. Incorrect Starting See owners manual for 

Rough After Start-up Procedure starting procedure. 

But Smooths Out as it 

Warms Up. (This b. Fast Idle Solenoid Test and re-set according to engine 


Problem is Often | Inoperative or Set manual or vehicle emissions sticker. 
Accompanied by White Incorrectly 


Exhaust Smoke) 
d. One or More Glow Plugs Perfom glow plus system diagnosis 
Inoperative (Chapter 2 or 3) 


e. Injection pump timing to Check alignment of timing mark on 
engine. pump with the engine front cover. 


f. Insufficient engine break- Break-in engine 2,000 or more miles. 
in time. 


g. Nozzle Valve(s) Sticking Remove nozzles from engine and repair 
Open (Usually or replace a5 necessary. 
Accompanied by 
Knocking Sound) 
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Engine Misfires Above 
Idle or Runs Rough 
While Driving But Idles 
OK ("Chuggle" in 
Vehicles Equipped with 
а Transmission 
Converter Clutch (TCC). 


Noticeable Loss of 
Power 


Chapter 1 introduction 


b. Air in Fuel 


c. Fuel Return System 
Restricted 


e. Incorrect or Contaminated 
Fuel 


a. Incorrect Pump to Engine Check and adjust timing to 
Timing specifications. 


Check for presence of air by 
disconnecting fuel return line from top 
of pump and connecting a clear hose 
to return fitting. Route hose to a metal 
container. Start engine and allow to 
idle. Watch return fuel for air bubbles. 
If bubbles are present, locate source of 
air leak in fuel supply system and 
correct. 


Measure pump housing pressure at 
idle speed. Pressure should be 12 psi 
maximum. If pressure is greater than 
12 psi, correct restriction in fuel return 
System. 


d. Fuel Supply Restriction Test fuel supply pump and check fuel 
filter for plugged condition. 


Flush fuel system and install correct 
fuel. 


a. Restricted Air Intake Check air cleaner element. 


b. Timing not Set to 
Specifications 


Be sure timing mark on injection pump 
is aligned with mark on adapter or 
front cover. 


c. EGR or EPR Malfunction Refer to Emissions Diagnosis, 
(GM only) Chapter 2. 

d. Restricted or Damaged Check system and replace as 
Exhaust System necessary. 


e. Plugged Fuel Filter 


f. Plugged Fuel Tank 
Vacuum Vent in Fuel Cap 


Replace filter. | 


Remove fuel cap. If loud "hissing" 
noise is heard, vacuum vent in fuel cap 
is plugged. Replace cap (Slight hissing 
sound is normal). 


Noticeable Loss of 
Power (Cont'd) 


Engine Stalls on 
Deceleration or Stalls 
at Idle 


Engine Will Not Return 
to Idle 


Fuel Leaks on Ground 
—No Engine 
Malfunction 
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g. Restricted Fuel Supply 
From Fuel Tank to 
Injection Pump 


Examine fuel supply system to 
determine cause of restriction. Repair 
as required. 


h. Restricted Fuel Tank Remove fuel tank and check filter. 
Filter 
i. Pinched or Otherwise Examine system for restriction and 
Restricted Return System correct as required. 
^ j. Incorrect or Contaminated Flush fuel system and install correct 
Fuel fuel. 


k. External Compression 
Leaks 


|. Plugged Nozzle(s) 


m.Low Compression 


a. Sticking Metering Valve 


a. External Linkage Binding 
or Misadjusted 
b. Fast Idle Malfunction 
c. Internal Injection Pump 
Malfunction 


a. Loose or Broken Fuel 
Line or Connection 


b. Injection Pump Internal 
Seal Leak 


Check for compression leaks at all 
nozzles and glow plugs. If leak is found, 
tighten nozzle or glow plug. 


Remove nozzles. Have them checked 
for plugging and repair, replace or 
clean (where applicable) as necessary. 


Check compression to determine 
cause 


Remove metering valve. Clean with 400 
or 500 sandpaper. Wet sandpaper with 
diesel fuel and turn the metering valve 
in the wet paper no more than 5-6 
turns. 


Free up linkage. Adjust or replace as 
required. 


Check fast idle adjustment. 


Remove injection pump for repair. 


Examine complete fuel system, 
including tank, lines, and injection 
lines. Determine source and cause of 
leak and repair. 


Remove injection pump for repair. 


1—56 Chapter 1 Introduction 


Noise— "Rap" From a. Nozzle(s) Sticking Open or Remove nozzle for test and replace or 
One or More Cylinders With Very Low Nozzle clean (where applicable) as necessary. 
(Sounds Like Rod Opening Pressure 


Bearing Knock) 
b. Mechanical Problem Refer to Mechanical Diagnosis. 


c. Piston Hitting Cylinder Replace malfunctioning parts. Be sure 
Head timing mark on injection pump is 
aligned with mark on front housing. 
Break in engine 2000 miles. 


Noise—Objectionable . Timing Not Set to Make certain that timing mark on 
Specification injection pump is aligned with mark on 
front housing. 


Noise Over Normal . EGR Malfunction (GM) Refer to the Emission Section. 

Noise Level High 

Excessive Black Smoke ‚ Injection Pump Housing Check housing pressure as described 
Pressure Out of in this section. 
Specifications 


. Injection Pump Internal - Remove injection pump for repair. 
Problem 


Engine Noise Internal . Engine Fuel Pump, Repair or replace as necessary. If noise 
or External Alternator, Water Pump, is internal, see Diagnosis For Noise — 
Valve Train, Vacuum Rap From One or More Cylinders and 
Pump, Bearing, Etc. Engine Starts and Idles Rough With 
Excessive Noise and/or Smoke. 


Engine Overheats . Coolant System Leak, Oil Check for leaks and correct as 
Cooler System Leak or required. Check coolant recover jar, 
Coolant Recovery System hose and radiator cap. 
Not Operating 


b. Belt Slipping or Damaged Replace or adjust as required. 
c. Thermostat Stuck Closed Check and replace if required. 
d. Head Gasket Leaking Check and repair as required. 


Poor Performance a. Kink in the Fuel Supply Shorten the fuel supply hose at the 
Extended Hot Crank Hose Between the Fuel kinked area. 
Time No W.O.T. Upshift Tank and Body. 


Excessive Engine a. Bent Upper Compression Check compression. If about 100 psi 
Blowby Ring low, change the piston rings. 
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Specifications 


Maintenance 

Engine oil 
WECM: oc cacic ncaa ssess sss: 0222... 2. 5 2255 0E 
БЕЗЕР a co CCE EET 
(Сети ТОЕЛ л ЖИМ CER entes 

IERGIYA АЫ УОТА л 


General 

Cylinder numbers (front-to-rear) 
Left (driver's) side 
[CIRCO жооң ^М........................... 

Firing order 
GEL ane oc 00 6 с ООСОР 


Camshaft 
Bearing journal diameter 
5.7L engine 
Number 1 


API grade SF/CD or SF/CE 

See accompanying chart 

7.0 ats l 

50/50 mixture of water and ethlyene glycol-based antifreeze 


1-3-5-7 
2-4-6-8 


1-8-4-3-6-5-7-2 
1-8-7-2-6-5-4-3 


2.0357 to 2.0365 in 
2.0157 to 2.0165 in 
1.9957 to 1.9965 in 
1.9757 to 1.9765 in 
1.9557 to 1.9565 in 


Hot 
Weather 


RECOMMENDED SAE VISCOSITY GRADE ENGINE OILS 


SELECT THE SAE GRADE OIL BASED ON THE EXPECTED 
TEMPERATURE RANGE BEFORE 
NEXT OIL CHANGE 


SAE 30 
PREFERRED 
38r—"7E1—-——- SF/CD QUALITY PREFERRED 
е Ен SF/CC QUALITY ACCEPTABLE 
DO NOT USE SAE 10W-40 GRADE OIL, OR ANY 
OTHER GRADE NOT RECOMMENDED 
SAE 10W-30 


Cold © 
Weather 


Engine oil viscosity chart 
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Bearing journal diameter (continued) 
6.2L engine (truck only) 


МЕЕСИ 2 6 <0) oculus rrr 2.1642 to 2.1663 in 
ог UT. Loto uere о ооо DO us 2.0067 to 2.0089 in 
Torque specifications Ft-Ibs (unless otherwise noted) 
Camshaft sprocket bolt 
DEM E. c О К EI I ЛАУ оосгезезоодл 65 
С.П, жыз с ned ИШКЕ ОТЫ оо ыс обр 75 
Cylinder head bolts 
BAL 
ИШЕН ЛК. Оз мии ООО одсон 100 
COSS DUELO е о isle cae a 130 
6.2L 
ШКОЛ ERSTES asa BIS. Ot 20 
SECOND 56р «ЕЕЕ eee . А. ............. 50 
ТЛ 0 ДЕ о Е. turn additional 90-degrees 
Engine mount-to-cylinder block боїѕ ....................... 75 
Engineimountto=frameibolts) ...... elem mmm 50 
Exhaust manod BONS .................................. 26 
Torque specifications Ft-Ibs (unless otherwise noted) 
FlyWeellenvepletebells ................................ 65 
FüeliinjectiompumpimountinginutSe. «elle hr 18 
Fuel injector-to-cylinder head ............................. 25 
Нў@гаш!!оййегошаераїе!БоН!5........................... 18 
Intake manifold bolts 
EAI CMM ese seins cafe О Slew LLL 40 
SOL eU оне 31 
Main bearing cap bolts 
ар EU. CL ET 120 
6.2L engine 
пт Й dq ae eee КОКУС Л уу 110 
(OMIT UE cum. соо 100 
Oil pump-to-bearing cap bolts 
EON GR CINE Е Жей. ............. coco coe 35 
PARE РЕ e 00s ООЗ сосе 65 
Oil pan-to-crankcase bolts 
ККК И aa Еос ооз 10 
6.2L engine 
AlliexeeplitWOlN GM - cmm cen ee ee rre 84 in-lbs 
TUB UTE Е ТТЕ EERSIBERRIQED. юна lv 
Oil pan-to-timing cover bolts 
(QD MEME SER ТИ 84 in-lbs 
(OX SE MI ШБО ia VI eo ee eee vc casas sina eee S. 90 in-lbs 
Oil cooler lines-to-oil filter base ....................... E ilie 
GillesclsnlimesstesradiatQr!. ............................... 25 
Pulley-to-vibration damperbolts .......................... 20 
Rocker arm bolts 
Белае ЕИ ТИЕ. 28 
EAL Т ЗЕ О ОНТ 40 
meum osmeubousiligibelisW........ e errem eee RIS 20 
Timing cover bolts 
BAL GS ЕО РЕРНИ оо ст 35 
Б CIA ОРЛЕ. 33 
Vacitinnipumpclampibolt........... 2a... ae e e e 31 
VES Cone OC) i ao a no a one fo cae Е 10 
Vibration damper bolt 
БИЛЕ... O AONO IRAP: 200 to 310 
САП 5 т ОСОРО. В 200 
Water pump plate-to-water pump bolts ..................... 16 
Water pump-to-front cover bolts 
БИЛПС ШЕШ NODI зл зеш нке LLL SC 13 
pel Cie (VS ОИСИ eee used SERES TES 32 


Water pump plate-to-front cover bolts ...................... 16 
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Introduction 


This Chapter contains everything you need to know їо service your GM 
5.7L or 6.2L V8 diesel engine. Included are sections on routine mainte- 
nance, on servicing the cooling, fuel, electrical and emission control sys- 
tems, and even the engine repairs you can perform with the engine still 
installed in the vehicle (you'll find general engine overhaul procedures — 
those jobs that require engine removal — in Chapter 4). 

Look at the mileage/time master maintenance schedule below. It tells 
you what to do, when to do it and how to do it. Each recommended service 
or maintenance procedure — a visual check, and adjustment, replacement 
of a component, etc. — is explained later in this Chapter. 

Servicing your engine in accordance wjth this sensible maintenance 
schedule will significantly prolong its service life. Keep in mind that this is 
a comprehensive plan: servicing selected items — but skipping others — 
will not produce the same results. 

When you service your engine, you'll find that many of the mainte- 
nance procedures can be grouped together because they're logically re- 
lated, or because they're located next to each other. 

Before you get started, read through the service items you're planning 
to do, familiarize yourself with the procedures and gather up all the parts 
and tools you'll need. If it looks like you might run into problems during a 
particular job, seek advice from a mechanic or an experienced do-it-your- 
selfer. 


Maintenance schedule 


Every 250 miles or weekly, 
whichever comes first 


Check the engine oil level 
Check the engine coolant level 


Every 5000 miles or 6 months, 
whichever comes first 


All items listed above, plus: 
Change the engine oil and filter* 
Check and adjust the engine drivebelts 


Every 15,000 miles or 12 months, 
whichever comes first 


Check the cooling system 

Check and service the batteries 

Replace the air filter 

Replace the fuel filter 

Inspect and replace, if necessary, all underhood hoses 

* This item is affected by "severe" operating conditions as de- 
scribed below. If the vehicle is operated under severe conditions, 
perform all maintenance indicated with an asterisk (*) at 3000 
mile/3 month intervals. Severe conditions exist if you mainly oper- 
ate the vehicle 

In dusty areas 

Towing a trailer 

Idling for extended periods and/or driving at low speeds 

When outside temperatures remain below freezing and most 

trips are less than four miles long 


2.1a The dipstick (arrow) is located in в tube on the drivers side 
of the engine 


OPERATING 


RANGE v, 


2.1b The oil level must be maintained between the 
marks at all times — it takes one quart of oil to raise the 
level from the ADD mark to the FULL mark 


Fluid level checks 


Note: The following are fluid level checks to be done on a 250 mile or 
weekly basis. Additional fluid level checks can be found in specific mainte- 
nance procedures which follow. Regardless of intervals, be alert to fluid 
leaks under the vehicle which would indicate a fault to be corrected imme- 
diately. 

1 Fluids are an essential part of the lubrication and cooling systems. 
Because the fluids gradually become depleted and/or contaminated dur- 
ing normal operation of the vehicle, they must be periodically replenished. 
Seethe Specifications at the beginning of this Chapter before adding fluid 
to any of the following components. Note: The vehicle must be on level 
ground when fluid levels are checked. 

Engine oil 

2 The engine oil level is checked with a dipstick that extends through a 
tube and into the oil pan at the bottom of the engine. 

Зз  Theoillevelshould be checked before the vehicle has been driven, or 
about 15 minutes after the engine has been shut off. If the oil is checked 
immediately after driving the vehicle, some of the oil will remain in the up- 
per engine components, resulting in an inaccurate reading on the dipstick. 
4  Pullthe dipstick out of the tube and wipe all the oil from the end with a 
cleanrag or paper towel (see illustration). Insertthe clean dipstick all the 
way back into the tube, then pull it out again. Note the oil at the end of the 
dipstick. Add oil as necessary to keep the level between the ADD and 
FULL marks on the dipstick (see illustration). 

5 Donotoverfillthe engine by adding too much oil since this may result 
in oil fouled spark plugs, oil leaks or oil seal failures. 


ee 


2.2 Oil is added to the engine after unscrewing the filler cap 


й 


2.4 Remove the wingnuts апа raise the air cleaner cover 


6  Oilis added to the engine after unscrewing the filler cap (see illustra- 
tion). A funnel may help to reduce spills. 

7 Checking the oil level is an important preventive maintenance step. A 
consistently low oil level indicates oil leakage through damaged seals, de- 
fective gaskets or past worn rings or valve guides. If the oil looks milky or 
has water droplets in it, the cylinder head gasket(s) may be blown or the 
head(s) or block may be cracked. The engine should be checked immedi- 
ately. The condition of the oi! should also be checked. Whenever you 
check the oil level, slide your thumb and index finger up the dipstick before 
wiping off the oil. If you see small dirt or metal particles clinging to the dip- 
stick, the oil should be changed. 


Engine coolant 

Warning: Do not allow antifreeze to come in contact with your skin or 
painted surfaces of the vehicle. Flush contaminated areas immediately 
with plenty of water. Don't store new coolant or leave old coolant lying 
around where it's accessible to children or pets — they're attracted by its 
sweet smell. Ingestion of even a small amount of coolant can be fatal! 
Wipe up garage floor and drip pan coolant spills immediately. Keep anti- 
freeze containers covered and repair leaks in the cooling system as soon 
as they are noted. 


8 Allvehicles covered by this manual are equipped with a pressurized 
coolant recovery system. A white plastic coolant reservoir located in the 
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2.3 Check the coolant level in the coolant reservoir | 


engine compartment is connected by a hose to the radiator filler neck (see 
illustration). If the engine overheats, coolant escapes through a valve in 
the radiator cap and travels through the hose into the reservoir. As the en- 
gine cools, the coolantis automatically drawn back into the cooling system 
to maintain the correct level. Warning: Do not remove the radiator cap to 
check the coolant level when the engine is warm. 

9 The coolant level in the reservoir should be checked regularly. The 
level in the reservoir varies with the temperature of the engine. When the 
engine is cold, the coolant level should be at or slightly above the FULL 
COLD mark on the reservoir. Once the engine has warmed up, the level 
shouldbe at or near the FULL HOT mark. If itisn't, allow the engine to cool, 
then remove the cap from the reservoir and add a 50/50 mixture of ethy- 
lene glycol-based antifreeze and water. 

10 Drivethe vehicle and recheckthe coolant level. If only a small amount 
of coolant is required to bring the system up to the proper level, water can 
be used. However, repeated additions of water will dilute the antifreeze 
and water solution. In order to maintain the proper ratio of antifreeze and 
water, always top up the coolant level with the correct mixture. An empty 
plastic milk jug or bleach bottle makes an excellent container for mixing 
coolant. Do not use rust inhibitors or additives. 

11 Ifthe coolant level drops consistently, there may be a leak in the sys- 
tem. Inspect the radiator, hoses, filler cap, drain plugs and water pump 
(see the Cooling system section later in this Chapter). If no leaks are 
noted, have the radiator cap pressure tested by a service station. 

12 If you have to remove the radiator cap, wait until the engine has 
cooled, then wrap a thick cloth around the cap and turn it to the first stop. If 
coolant or steam escapes, let the engine cool down longer, then remove 
the cap. 

13 Checkthe condition of the coolant as well. It should be relatively clear. 
If it's brown or rust colored, the system should be drained, flushed and re- 
filled. Even if the coolant appears to be normal, the corrosion inhibitors 
wear out, so it must be replaced at the specified intervals. 


Battery electrolyte 

14 Mostvehicles with which this manual is concerned are equipped with 
batteries which are permanently sealed (except for vent holes) and have 
no filler caps. Water doesn't have to be added to these batteries at any 
time. If maintenance-type batteries are installed, the caps onthe top of the 
batteries should be removed periodically to check for a low water level. 
This check is most critical during the warm summer months. 


Air filter replacement 

1 Atthe specified intervals, the air filter should be replaced with a new 
one. 

2 The filter is located on top of the air crossover manifold and is re- 
placed by unscrewing the wing nut(s) from the top of the filter housing and 
lifting off the cover (see illustration). 


Chapter 2 GM 5.7L and 6.2L V8 engines 


2.7 Open the petcock on the bottom on the primary filter, then 
drain the water by opening the petcock at the top 


3  Whilethe top plate is off, be careful notto drop anything down into the 
manifold. 

4  Lifttheairfilterelementoutofthe housing (seeillustration) and wipe 
out the inside of the air cleaner housing with a clean rag. 

5  Placethenewfilterinthe air cleaner housing. Make sure it seats prop- 
erly in the bottom of the housing. 

6 Installation is the reverse of removal. 


Fuel filter replacement 

Warning: Diesel fuel is flammable and may be hot which could cause 
burns, so take extra precautions when working on any part of the fuel sys- 
tem. If you spill fuel on your skin, rinse it off immediately with soap and wa- 
ler. Have a Class B fire extinguisher on hand. 


5.7L engine 

1 The rectangular fuel filter used on these models is located behind the 
injection pump (see illustration). 

2 Remove the air cleaner assembly. 

3  Removethe wingnutthat fastens the fuel filter to the mounting brack- 
et. 


FUEL FILTER 


2.6 The fuel filter is located an the rear side of the 
manifold on 5.7L engines 


2.8 Use an oil filter wrench to unscrew the primary filter 


4  Usea flare nut wrench to disconnect the fuel lines and detach the filter 
from the bracket, tilting it back to prevent the residual fuel from spilling out. 
5 _ Install the new filter by reversing the removal procedure. Tighten the 
fittings securely, but don't cross-thread them. 


6.2L engine 

Early models — primary filter 

6 The primary filter is located on the firewall. This filter also acts as a 
water separator and water can be drained by opening the petcock at the 
bottom, then the top of the filter (see illustration). Once all the water is 
drained, close the bottom petcock. 

7  Removethe primary filter using anoil filter wrench (see illustration). 
This is a good time to replace the filter with a new one. 

8 Fillthefilter with clean diesel fuel and install it, turning it an additional 
3/4 turn after it contact the filter gasket. Close the petcock tightly, then start 
the engine and let it run for a short time until the airis bled from the system. 
It may run roughly at first, until the air is purged. 


Early models — secondary filter 
9 Remove the air cleaner assembly. 


2.9 The secondary filter is mounted an the back of the 
intake manifold 
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2.11 Unplug the pink wire from the fuel injection pump 
ко the engine won't start during the fuel 
filter purging process 


10 The secondary filter is mounted on the back of the intake manifold 
(see illustration). 

11 Use a flare nut wrench to disconnect the fuel lines from the adapter 
housing. 

12 Unbolt the adapter and unscrew the filter element (see illustration). 
13 Screw the new filter onto the adapter and rotate it an additional 2/3 
turn after contacting the gasket. 

14 Install the adapter and bolts. Tighten the bolts securely. 

15 Connect the inlet fuel line only and the fitting securely. 

16 Air must be purged from the filter before connecting the outlet line. 
Unplug the pink wire lead from the fuel injection pump so the engine won't 
start and place a rag under the filter outlet (see illustration). Crank the 
engine over for not more than 10 seconds, until fuel comes out the outlet 
port. If no fuel is observed, wait 15 seconds before repeating the proce- 
dure. Connect the outlet fuel line and tighten it securely. 
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2.10 The adapter must be unbolted and pulled away 
from the manifold before the secondary filter can be 
unscrewed and removed 


2.12 Details of the air bleed valve equipped fuel filter 


A  Airbleed valve 
B  Fuelfilter - 1 


C  Fuelinlet hose 
Retaining clips 


17 Reconnectthe pink wire, install the air cleaner, then start the engine 
and allow it to idle for several minutes to purge any remaining air from the 
system and check for leaks. 


Later models 

18 Onthese models the fuel filter is mounted on firewall or intake man- 
ifold and is held in place by clips. On some later models, the filter is 
equipped with an air bleed valve (see illustration). 

19 Removethe fuel filler cap, engine cover (van models) and air cleaner 
assembly. 

20 Оп поп-аіг bleed valve-equipped filters, place a rag under the filter, 
then detach the lower clip with a screwdriver to release the fuel pressure. 
Detach the upper clip and lift the filter off the bracket. 

21 On air bleed valve-equipped filters, drain the fuel from the filter by 
openingthe air bleed valve and the engine water drain valve (see illustra- 
tion). Detach the clips and lift the filter off. 

22 Make sure the fuel filter sealing surfaces are clean before placing the 
filter in position. On non-air bleed valve equipped filters, snap the upper 
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2.13 The water drain valve is located al the front of the 
engine, naar the thermostat housing 


clip securely into place. On filters with air bleed valves, secure both clips, 
then close the valve and connect one end of an 1/8 inch hose to the air 
bleed port, placing the other end in a container to catch the purged fuel. 
23 The air must be purged from the filter after reinstallation or starting or 
stalling problems will result. Disconnect the pink wire lead from the fuel 
injection pump and crank the engine over for no more than 10 seconds, 
then let the starter motor cool for 30 seconds and repeat the procedure 
until clear, bubble-free fuel comes out of the lower fitting or air bleed. Con- 
nectthe lower clip, close the bleed hose and plug in the fuel injection con- 
nector. 

24 Startthe engine and allow it to idle for several minutes to purge any 
remaining air from the system and check for leaks. 


Engine oil and filter change 

1 Frequentoil changes are the most important preventive maintenance 
procedures that can be done by the home mechanic. As engine oil ages, it 
becomes diluted and contaminated, which leads to premature engine 
wear. 

2 Although some sources recommend oil filter changes every other oil 
change, we feel that the minimal cost of an oil filter and the relative ease 
with which it is installed dictate that a new filter be installed every time the 
oil is changed. 

3 Gather together all necessary tools and materials before beginning 
this procedure (see illustration). 

4  Youshould have plenty of clean rags and newspapers handy to mop 
up any spills. Access to the underside of the vehicle may бе improved if the 
vehicle can be lifted on a hoist, driven onto ramps or supported by jack- 
stands. Warning: Do not work under a vehicle which is supported only by 
a bumper, hydraulic or scissors-type jack. 

5  |fthis is your first oil change, get under the vehicle and familiarize 
yourself with the locations of the oil drain plug and the oil filter. The engine 
andexhaust components will be warm during the actual work, so note how 
they are situated to avoid touching them when working under the vehicle. 
6 Warm the engine to normal operating temperature. If the new oil or 
any tools are needed, use this warm-up time to gather everything neces- 
sary for the job. The correct type of oil for your application can be found in 
the Specifications at the beginning of this Chapter. 

7 With the engine oi! warm (warm engine oil will drain better and more 
built-up sludge will be removed with it), raise and support the vehicle. 
Make sure it's safely supported! 

8 Move all necessary tools, rags and newspapers under the vehicle. 
Set the drain pan under the drain plug. Keep in mind that the oil will initially 
flow from the pan with some force; position the pan accordingly. 

9 Being careful not to touch any of the hot exhaust components, use a 
wrench to remove the drain plug near the bottom of the oil pan (see illus- 
tration). Depending on how hot the oil is, you may want to wear gloves 
while unscrewing the plug the final few turns. 

10 Allowthe old oil to drain into the pan. It may be necessary to move the 
pan as the oil flow slows to a trickle. 


2.14 These tools ara required when changing the 
engine oil and filter 


1 Drain pan – It should be fairly shallow in depth, but wide to 
prevent spills 

2 Rubber gloves — When removing the drain plug and filter, 
you will get oil on your hands (the gloves will prevent burns) 

3 Breaker bar — Sometimes the oil drain plug is tight and a 
long breaker bar is needed to loosen it 

4 Socket- To be used with the breaker bar or a ratchet (must 
be the correct size to fit the drain plug — six-point preferred) 

5 Filter wrench — This is a metal band-type wrench, which 
requires clearance around the filter to be effective 

6 Filter wrench — This type fits on the bottom of the filter and 
can be turned with a ratchet or breaker bar (different size 
wrenches are available for different types of filters) 


2.15 The oil drain plug is located at the bottom of the pan and 
should be removed with a socket or box-end wrench - DO NOT 
use an open-end wrench (the corners am the hex can be very 
easily rounded off) 


2.16 Use a strap-type oil filter wrench to loosen the filter — if 
access makes removal difficult, other types of filter wrenches 
are available 


SMALL 
CRACKS 


E] 
3 GLAZED 


2.18 Here are some of the more common problems associated 
with drivebelts (check the belts very carefully to prevent an 
untimely breakdown) 


GREASE 


ALWAYS CHECK 
the underside 
of the belt. 


11 After all the oil has drained, wipe off the drain plug with a clean rag. 
Small metal particles may cling to the plug and would immediately con- 
taminate the new oil. 

12 Clean the area around the drain plug opening and reinstall the plug. 
Tighten the plug securely with the wrench. If a torque wrench is available, 
use it to tighten the plug. 

13 Move the drain pan into position under the oil filter. 

14 Usethe filter wrench to loosen the oil filter (see illustration). Chain or 
metal band filter wrenches may distort the filter canister, but it doesn't mat- 
ter since the filter will be discarded anyway. 

15 Completely unscrew the old filter. Be careful; it’s full of oil. Empty the 
oil inside the filter into the drain pan. 

16 Compare the old filter with the new one to make sure they're the same 
type. 

17 Useaclean rag to remove all oil, dirt and sludge from the area where 
the oil filter mounts to the engine. Check the old filter to make sure the rub- 
ber gasketisn’t stuck to the engine. If the gasketis stuck to the engine (use 
a flashlight if necessary), remove it. 

18 Apply alight coat of clean oil to the rubber gasket on the new oil filter 
(see illustration). 

19 Attach the new filter to the engine, following the tightening directions 
printed on the filter canister or packing box. Most filter manufacturers rec- 
ommend against using a filter wrench due to the possibility of overtighten- 
ing and damage to the seal. 

20 Remove all tools, rags, etc. from under the vehicle, being careful not 
to spill the oil in the drain pan, then lower the vehicle. 
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2.17 Lubricate the oil filter gasket with clean engine oil before 
installing the filter an the engine 


21 Move to the engine compartment and locate the oil filler cap. 

22 Pourthe fresh oil through the filler opening. A funnel may be helpful. 
23 Pour seven quarts of fresh oil into the engine. Wait a few minutes to 
allow the oil to drain into the pan, then check the level on the oil dipstick 
(seethe Fluid level checks section earlier in this Chapter). If the oil level is 
above the ADD mark, start the engine and allow the new oil to circulate. 
24 Runtheengineforonly about a minute andthen shutitoff. Immediate- 
ly look under the vehicle and check for leaks at the oil pan drain plug and 
around the oil filter. If either is leaking, tighten with a bit more force. 

25 With the new oil circulated and the filter now completely full, recheck 
the level on the dipstick and add more oil as necessary. 

26 During the first few trips after an oil change, make it a point to check 
frequently for leaks and proper oil level. 

27 The old oil drained from the engine cannot be reused in its present 
state and should be disposed of. Oil reclamation centers, auto repair 
shops and gas stations will normally accept the oil, which can be refined 
and used again. After the oil has cooled it can be drained into a container 
(capped plastic jugs, topped bottles, miik cartons, etc.) for transport to one 
of these disposal sites. Don't dispose of the oil by pouring it on the ground 
or down a drain! 


Drivebelt check, adjustment and replacement 


1  Thedrivebelts, or V-belts as they are sometimes called, at the front of 
the engine play an important role in the overall operation of the engine and 
its accessories. Due to their function and material makeup, the belts are 
prone to failure after a period of time and should be inspected periodically. 
2  Thenumber of belts used on a particular vehicle depends on the ac- 
cessories installed. Drivebelts are used to turn the alternator, power steer- 
ing pump, water pump and air conditioning compressor. Depending on the 
pulley arrangement, more than one of these components be driven by a 
single belt. On some later models, a single serpentine drivebelt is located 
at the front of the engine and drives all of the components. 

3  Withthe engine off, locate the drivebelts at the front of the engine. Us- 
ing your fingers (and a flashlight, if necessary), move along the belts, 
checking for cracks and separation of the belt plies (see illustration). Also 
check for fraying and glazing, which gives the belt a shiny appearance. 
Both sides of the belts should be inspected, which means you will have to 
twist the belt to check the underside. Check the pulleys for nicks, cracks, 
distortion and corrosion. On serpentine belts, check the ribs on the under- 
side of the belt. They should be all the same depth, with none of the sur- 
face uneven. 
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2.19 Measuring drivebelt deflection with a straightedge 
and ruler 


4  Thetension of each belt is checked by pushing on the belt at a dis- 
tance halfway between the pulleys. Push firmly with your thumb and see 
how much the belt moves (deflects) (see illustration). A rule of thumb is 
that if the distance from pulley center-to-pulley center is between 7 and 11 
inches, the belt should deflect 1/4-inch. If the belt travels between pulleys 
spaced 12 1016 inches apart, the belt should deflect 1/2-inch. On single 
serpentine belts, the tension of the belt is automatically controlled by a ten- 
sioner, so the tension does not need to be adjusted. 
5  Ifitisnecessaryto adjust the belt tension on non-serpentine belts, ei- 
ther to make the belt tighter or looser, itis done by moving the belt-driven 
accessory on the bracket. 
6  Foreach component there will be an adjustment or strap bolt and a 
pivot bolt. Both bolts must be loosened slightly to enable you to move the 
component. 
7  Afterthe two bolts have been loosened, move the component away 
. from the engine (to tighten the belt) or toward the engine (to loosen the 
belt). Hold the accessory in this position and check the belt tension. If it's 
correct, tighten the two bolts until snug, then recheck the tension. If it's al- 
right, tighten the two bolts securely. 
8  Youmayhavetouse some sort of pry bar to move the accessory while 
the belt is adjusted. If this must be done to gain the proper leverage, be 
very careful not to damage the component being moved or the part being 
pried against. 
9  Toreplace anon-serpentine belt, follow the above procedures for dri- 
vebelt adjustment but slip the belt off the pulleys and remove it. Since belts 
tend to wear out more or less at the same time, it's a good idea to replace 
all of them atthe same time. Mark each belt and the corresponding pulley 
grooves so the replacement belts can be installed properly. To replace the 
serpentine belt, use a breaker bar and socket on the tensioner bolt and 
rotate the tensioner counterclockwise. This will release the tension so the 
belt can be removed. When the belt is out of the way, release the tensioner 
slowly so you don't damage it. 
10 Take the old belt with you when purchasing a new one to make a direct 
comparison for length, width and design. 
11 When installing the new serpentine belt, make sure it is routed cor- 
rectly (refer to the label in the engine compartment). Also, the belt must 
completely engage the grooves in the pulleys. 


Cooling system check 

1 Many major engine failures can be attributed to a faulty cooling sys- 
tem. If the vehicle is equipped with an automatic transmission, the cooling 
system also cools the transmission fluid and thus plays an important role 
in prolonging transmission life. 

2  Thecooling system should be снб with the engine cold. Do this 
before the vehicle is driven for the day or after it has been shut off for at 
least three hours. 


ALWAYS CHECK hose for 
chafed or burned areas that 
may cause an untimely 

and costly failure. 


SOFT hose indicates inside 
deterioration. This deterioration can 
contaminate the cooling system and 

cause particles to clog the radiator. 


HARDENED hose can fail at any 
time. Tightening hose clamps will 
not seal the connection or stop leaks. 


SWOLLEN hose or oil soaked ends 
indicate danger and possible failure 
from oil or grease contamination. 
Squeeze the hose to locate 
cracks and breaks that 

cause leaks. 


2.20 Hoses, like drivebelts, have a habit of failing at the 

worst possible time — to prevent the inconvenience of m 

blown radiator or heater hose, inspect them carefully аз 
shown here 


3 Remove the radiator cap by turning it to the left until it reaches a stop. 

If youheara hissing sound (indicating there is still pressure inthe system), 
waituntil this stops. Now press down onthe cap with the palm of your hand 

and continue turning to the left until the cap can be removed. Thoroughly 
cleanthe cap, inside and out, with clean water. Also clean the filler neck on 
the radiator. All traces of corrosion should be removed. The coolant inside 
the radiator should be relatively transparent. If itis rust colored, the system 
should be drained and refilled (see the Cooling system servicing Section). 
If the coolant level is not up to the top, add additional antifreeze/coolant 
mixture (see the Fluid level checks Section). 

4  Carefully check the large upper and lower radiator hoses along witn 
the smaller diameter heater hoses which run from the engine to the fire- 
wall. Inspect each hose along its entire length, replacing any hose which is 
cracked, swollen or shows signs of deterioration. Cracks may become 
more apparent if the hose is squeezed (see illustration). Regardless of 
condition, it's a good ideato replace hoses with new ones every two years. 
5  Makesureallhose connections are tight. A leak in the cooling system 
will usually show up as white or rust colored deposits on the areas adjoin- 
ing the leak. If wire-type clamps are used at the ends of the hoses, it may 
be a good idea to replace them with more secure screw-type clamps. 

6  Usecompressed air or a soft brush to remove bugs, leaves, etc. from 
the front of the radiator or air conditioning condenser. Be careful not to 
damage the delicate cooling fins or cut yourself on them. 

7 Every other inspection, or at the first indication of cooling system 
problems, have the cap and system pressure tested. If you don't have a 
pressure tester, most gas stations and repair shops will do this for a mini- 
mal charge. 
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2.21 These ere the two most ramman types of radiator drain plugs — it's a good ièa to push a length of 3/8-inch hose 
over the drain spout so you can direct the coolant into a container 


Cooling system servicing 
(draining, flushing and refilling) 


Warning: Do not allow antifreeze to come in contact with your skin or 
painted surfaces of the vehicle. Rinse off spills immediately with plenty of 
water. Antifreeze is highly toxic if ingested. Never leave antifreeze lying 
around in an open container or in puddles on the floor; children and pets 
are attracted by it's sweet smell and may drink it. Check with local authori- 
ties about disposing of used antifreeze. Many communities have collec- 
tion centers which will see that antifreeze is disposed of safely. 


1 Periodically, the cooling system should be drained, flushed and re- 
filled to replenish the antifreeze mixture and prevent formation of rust and 
corrosion, which can impair the performance of the cooling system and 
cause engine damage. When the cooling system is serviced, all hoses 
and the radiator cap should be checked and replaced if necessary. 

2  Applythe parking brake and block the wheels. If the vehicle has just 
been driven, wait several hours to allow the engine to cool down before 
beginning this procedure. 

3 Once the engine is completely cool, remove the radiator cap. 

4  Movealarge container under the radiator drain to catch the coolant. 
Attach a 3/8-inch diameter hose to the drain fitting to direct the coolant into 
the container, then open the drain fitting (see illustration) (a pair of pliers 
may be required to turn it). 

5 Afterthe coolant stops flowing out of the radiator, move the container 
under the engine block drain plug(s) on the side(s) of the block. Remove 
the plug(s) and allow the coolant in the block to drain. 

6 While the coolant is draining, check the condition of the radiator 
hoses, heater hoses and clamps (see the previous Section). 

7 Replace any damaged clamps or hoses. 

8 Once the system is completely drained, flush the radiator with fresh 
water from a garden hose until it runs clear at the drain. The flushing action 
of the water will remove sediments from the radiator but will not remove 
rust and scale from the engine and cooling tube surfaces. 

9 These deposits can be removed with a chemical cleaner. Follow the 
procedure outlined in the manufacturer's instructions. If the radiator is se- 
verely corroded, damaged or leaking, it should be removed and taken to a 
radiator repair shop. 

10 Removethe overflow hose from the coolant recovery reservoir. Drain 
the reservoir and flush it with clean water, then reconnect the hose. 

11 Closeandtighten the radiator drain. Install and tighten the block drain 
plugs. 

12 Place the heater temperature control in the maximum heat position. 
13 Slowly add new coolant (a 50/50 mixture of water and antifreeze) to 
the radiator until it's full. Add coolant to the reservoir up to the lower mark. 
14 Leavethe radiator cap off and runthe engine in a well-ventilated area 
until the thermostat opens (coolant will begin flowing through the radiator 
and the upper radiator hose will become hot). 

15 Turn the engine off and let it cool. Add more coolant mixture to bring 


the level back up to the lip on the radiator filler neck. 

16 Squeeze the upper radiator hose to expel air, then add more coolant 
mixture if necessary. Replace the radiator cap. 

17 Startthe engine, allow it to reach normal operating temperature and 
check for leaks. 


Battery cable check and replacement 


Check 

1 Periodically inspect the entire length of each battery cable for dam- 
age, cracked or burned insulation and corrosion. Poor battery cable con- 
nections can cause starting problems and decreased engine 
performance. 

2 Check the cable-to-terminal connections at the ends of the cables for 
cracks, loose wire strands and corrosion. The presence of white, fluffy de- 
posits under the insulation at the cable terminal connection is a sign the 
cable is corroded and should be replaced. Check the terminals for distor- 
tion, missing mounting bolts and corrosion. 

3 Too much resistance in the battery cables will result in poor starter 
performance. Disconnect the battery feed at the shutoff solenoid so the 
engine won't start. 

4  Withthe transmission in Neutral and the parking brake On, connect 
one voltmeter probe on the negative battery terminal and the other on a 
good ground, such as the frame, operate the starter and check the voltage. 
5 With the starter operating, check the voltage drop between the posi- 
tive battery cable and the starter terminal stud. 

6 Operate the starter again and check the voltage drop between the 
starter housing and the frame. 

7 \fthereis adrop of over one volt during this check, disconnect the bat- 
tery cables and clean the connectors. If the voltage drop is still excessive, 
replace the cables with new ones. 


Replacement 

8 When removing the cables, always disconnect the negative cable 
first and hook it up last or the battery may be shorted by the tool used to 
loosen the cable clamps. Even if only the positive cable is being replaced, 
be sure to disconnect the negative cable from the battery first. 

9  Disconnectthe old cables from the battery, then trace each of them to 
their opposite ends and detach them from the starter solenoid and ground 
terminals. Note the routing of each cable to ensure correct installation 
(see illustrations). 

10 If you're replacing either or both of the old cables, take them with you 
when buying new cables. It's vitally important that you replace the cables 
with identical parts. Cables have characteristics that make them easy to 
identify: Positive cables are usually red, larger in cross-section and have a 
larger diameter battery post clamp; ground cables are usually black, 
smaller in cross-section and have a slightly smaller diameter clamp forthe 
negative post. 

11 Clean the threads of the solenoid or ground connection with a wire 
brush to remove rust and corrosion. Apply a light coat of battery terminal 
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2.22a Typical automobile battery 
cable details 
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2.22b Truck battery cable details 


1 Positive cable 
2 Negative cables 


corrosion inhibitor, or petroleum jelly, to the threads to prevent future cor- 
rosion. 

12 Attachthe cable to the solenoid or ground connection and tighten the 
mounting nut/bolt securely. 

13 Before connecting a new cable to the battery, make sure it reaches 
the battery post without having to be stretched. 

14 Connect the positive cable first, followed by the negative cable. 


Battery check, maintenance and charging 

Warning: Certain precautions must be followed when checking and serv- 
icing the batteries. Hydrogen gas, which is highly flammable, is always 
present in the battery cells, so don't smoke and keep open flames and 
sparks away from the batteries. The electrolyte inside the battery is actual- 
ly dilute sulfuric acid, which will cause injury if splashed on your skin or in 
your eyes. It will also ruin clothes and painted surfaces. When removing 
the battery cables, always detach the negative cable first and hook it 


up last! 


Note: These models use two batteries, connected in parallel. The batter- 
ies can be serviced and charged separately, but must be replaced in pairs. 


Check and maintenance 

1 Battery maintenance is an important procedure which will help ensure 
that you are not stranded because of dead batteries. Several tools are re- 
quired for this procedure (see illustration). 

2  Whenchecking/servicing the batteries, always turn the engine and all 
accessories off. 

3  Sealed(sometimes called maintenance-free), side-terminal batteries 
are standard equipment on these vehicles. The cell caps cannot be re- 
moved, no electrolyte checks are required and water cannot be added to 
the cells. However, if a maintenance-type aftermarket battery has been in- 
stalled, the following maintenance procedure can be used. 

4  Removethecapsandcheckthe electrolyte levelin each ofthe battery 
cells. It must be above the plates. There's usually a split-ring indicator in 


2.23 Tools and materials required for battery maintenance 


1 Face shield/safety goggles — When removing corrosion 
with a brush, the acidic particles can easily fly up into 
your eyes 

2 Rubber gloves — Another safety item to consider when 
servicing the battery; remember that's acid inside the 
battery! 

3 Battery terminal/cable cleaner — This wire brush clean- 
ing tool will remove all traces of corrosion from the battery 
and cable 

4 Treated felt washers — Placing one of these on each 
terminal, directly under the cable end, will help prevent 
corrosion (be sure to get the correct type for side terminal 
batteries) 

5 Baking soda — A solution of baking soda and water can 
be used to neutralize corrosion 

6 Petroleum jelly — A layer of this on the battery terminal 
bolts will help prevent corrosion 


each cell to indicate the correct level. If the level is low, add distilled water 
only, then reinstall the cell caps. Caution: Overfilling the cells may cause 
electrolyte to spill over during periods of heavy charging, causing corro- 
sion and damage to nearby components. 

5 The external condition of each battery should be checked periodical- 
ly. Look for damage such as a cracked case. 

6  Checkthetightness of the battery cable bolts (see illustration) to en- 
sure good electrical connections. Inspect the entire length of each cable, 
looking for cracked or abraded insulation and frayed conductors. 

7 If corrosion (visible as white, fluffy deposits) is evident, remove the 
cables from the terminals, clean them with a battery brush and reinstall 
them. Corrosion can be kept to a minimum by applying a layer of petro- 
leum jelly or grease to the bolt threads. 

8 Make sure the battery carrier is in good condition and the hoid-down 
clampis tight. If a battery is removed, make sure that no parts remain in the 
bottom of the carrier when it's reinstalled. When reinstalling the hold-down 
clamp, don’t overtighten the bolt. 
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2.24 Make sure the battery terminals on both batteries ara tight 


9 Corrosion on the carrier, battery case and surrounding areas can be 
removed with a solution of water and baking soda. Apply the mixture with a 
small brush, let it work, then rinse it off with plenty of clean water. 

10 Any metal parts of the vehicle damaged by corrosion should be 
coated with a zinc-based primer, then painted. 


Charging 

Note: Diesel! models have two batteries connected in parallel — each bat- 
tery should be charged separately, after disconnecting the cables. 

11 Remove all of the cell caps (if equipped) and cover the holes with a 
clean cloth to prevent spattering electrolyte. Disconnect the negative bat- 
tery cable and hook the battery charger leads to the battery posts (positive 
to positive, negative to negative), then plug in the charger. Make sure it is 
set at 12-volts if it has a selector switch. 

12 lfyou're using a charger with a rate higher than two amps, check the 
battery regularly during charging to make sure it doesn't overheat. If you're 
using atrickle charger, you can safely letthe battery charge overnight after 
you've checked it regularly for the first couple of hours. 

13 Ifthe battery has removeable cell caps, measure the specific gravity 
with a hydrometer every hour during the last few hours of the charging 
cycle. Hydrometers are available inexpensively from auto parts stores — 
follow the instructions that come with the hydrometer. Consider the battery 
charged when there's no change in the specific gravity reading for two 
hours and the electrolyte in the cells is gassing (bubbling) freely. The spe- 
cific gravity reading from each cell should be very close to the others. If not, 
the battery probably has a bad cell(s). 

14 Some batteries with sealed tops have built-in hydrometers on the top 
that indicate the state of charge by the color displayed in the hydrometer 
window. Normally, a bright-colored hydrometer indicates a full charge and 
a dark hydrometer indicates the battery still needs charging. Check the 
battery manufacturer's instructions to be sure you know what the colors 
mean. 

15 If the battery has a sealed top and no built-in hydrometer, you can 
hook up a digital voltmeter across the battery terminals to check the 
charge. A fully charged battery should read 12.6-volts or higher. 


Underhood hose check and replacement 


Caution: Replacement of air conditioning hoses must be left to a dealer 
service department or air conditioning shop that has the equipment to de- 
pressurize the system safely. Never remove air conditioning components 
or hoses until the system has been depressurized. 


General 

1 MHightemperatures in the engine compartment can cause the deterio- 
ration of the rubber and plastic hoses used for engine, accessory and 
emission systems operation. Periodic inspection should be made for 
cracks, loose clamps, material hardening and leaks. 

2 Information specific to the cooling system hoses can be found in Sec- 
tion 8. 
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3 Some, but not all, hoses are secured to the fittings with clamps. 
Where clamps are used, check to be sure they haven't lost their tension, 
allowing the hose to leak. If clamps aren't used, make sure the hose has 
not expanded and/or hardened where it slips over the fitting, allowing it to 
leak. 


Vacuum hoses 

4 It's quite common for vacuum hoses, especially those in the emis- 
sionssystem, to be color coded or identified by colored stripes molded into 
them. Various systems require hoses with different wall thicknesses, col- 
lapse resistance and temperature resistance. When replacing hoses, be 
sure the new ones are made of the same material. 

5  Oftentheonly effective way to check a hose is to remove itcompletely 
from the vehicle. if more than one hose is removed, be sure to label the 
hoses and fittings to ensure correct installation. 

6 When checking vacuum hoses, be sure to include any plastic T-fit- 
tings in the check. Inspect the fittings for cracks and the hose where it fits 
over the fitting for distortion, which could cause leakage. 

7  Asmallpiece of vacuum hose (1/4-inch inside diameter) can be used 
as a stethoscope to detect vacuum leaks. Hold one end of the hose to your 
ear and probe around vacuum hoses and fittings, listening for the “hissing” 
sound characteristic of a vacuum leak. Warning: When probing with the 
vacuum hose stethoscope, be very careful not to come into contact with 
moving engine components such as the drivebelts, cooling fan, etc. 


Fuel hose 

Warning: There are certain precautions which must be taken when in- 
specting or servicing fuel system components. Work in a well ventilated 
area and do not allow open flames (cigarettes, appliance pilot lights, etc.) 
or bare light bulbs near the work area. Mop up any spills immediately and 
do not store fuel soaked rags where they could ignite. 

8 Check all rubber fuel lines for deterioration and chafing. Check espe- 
cially for cracks in areas where the hose bends and just before fittings. 
9 High quality fuel line, usually identified by the word Fluroelastomer 
printed on the hose, should be used for fuel line replacement. Never, under 
any circumstances, use unreinforced vacuum line, clear plastic tubing or 
water hose for fuel lines. 

10 Spring-type clamps are commonly used on fuel lines. These clamps 
often lose their tension over a period of time, and can be “sprung” during 
removal. Replace all spring-type clamps with screw clamps whenever a 
hose is replaced. 


Metal lines 

Warning: Use extreme care when inspecting the fuel lines. The fuel is un- 
der very high pressure and spray from a leak can actually penetrate the 
skin, causing serious personal injury. 

11 Sections of metal line are used for fuel line between the fuel pump and 
the fuel injection unit and injectors. Check carefully to be sure the lines 
have not been bent or crimped and that cracks have not started in the 
lines. 

12 lfasection of metal fuel line between the fuel injection pump and the 
injectors mustbe replaced, use only direct replacement steel tubing froma 
dealer, since each line is a specific length. 


Cooling system 


General information 


The cooling system consists of a radiator, a thermostat and a crank- 
shaft pulley-driven water pump. 

The radiator cooling fan is mounted on the front of the water pump and 
incorporates a fluid drive fan clutch, saving horsepower and reducing 
noise. А fan shroud is mounted on the rear of the radiator. 

The system is pressurized by a spring-loaded radiator cap, which in- 
creases the boiling point of the coolant. If the coolant temperature goes 
above this increased boiling point, the extra pressure in the system forces 
the radiator cap valve off its seat and exposes the overflow pipe. The over- 
flow pipe leads to a coolant recovery system. This consists of a plastic res- 


ervoir into which the coolant which normally escapes due to expansion is 
retained. When the engine cools, the excess coolant is drawn back into 
the radiator, maintaining the system at full capacity. This is a continuous 
process and provided the level in the reservoir is correctly maintained, it 
is not necessary to add coolant to the radiator. 

Coolant in the radiator circulates up the lower radiator hose to the wa- 
ter pump, where it is forced through the water passages in the cylinder 
block. The coolantthen travels up into the cylinder head, circulates around 
the combustion chambers and valve seats, travels out of the cylinder head 
past the open thermostat into the upper radiator hose and back into the 
radiator. 

Whenthe engine is cold the thermostat restricts the circulation of cool- 
antto the engine. The thermostat is located in the front of the intake man- 
ifold. When the minimum operating temperature is reached, the 
thermostat begins to open, allowing coolant to return to the radiator. 

Automatic transmission-equipped models have a cooler element in- 
corporated into the radiator to cool the transmission fluid. 

The heating system works by directing air through the heater core 
mounted in the dash and then to the interior of the vehicle by a system of 
ducts. Temperature is controlled by mixing heated air with fresh air, using 
a system of flapper doors in the ducts, and a heater motor. 

Air conditioning is an optional accessory, consisting of an evaporator 
core located under the dash, a condenser in front of the radiator, an accu- 
mulator in the engine compartment and a belt-driven compressor 
mounted at the front of the engine. 


Antifreeze — general information 


Warning: Do not allow antifreeze to come in contact with your skin or 
painted surfaces of the vehicle. Rinse off spills immediately with plenty of 
water. Antifreeze is highly toxic if ingested. Never leave antifreeze lying 
around in an open container or in puddles on the floor; children and pets 
are attracted by it's sweet smell and may drink it. Check with local authori- 
lies about disposing of used antifreeze. Many communities have collec- 
tion centers which will see that antifreeze is disposed of safely. 


The cooling system should be filled with a water/ethylene glycol based 
antifreeze solution which will prevent freezing down to at least -20-de- 
grees F (even lower in cold climates). It also provides protection against 
corrosion and increases the coolant boiling point. 

The cooling system should be drained, flushed and refilled at least ev- 
ery other year (see page 2-10). The use of antifreeze solutions for periods 
of longer than two years is likely to cause damage and encourage the for- 
mation of rust and scale in the system. 

Before adding antifreeze to the system, check all hose connections. 
Antifreeze can leak through very minute openings. 

The exact mixture of antifreeze to water which you should use de- 
pends on the relative weather conditions. The mixture should contain at 
least 50-percent antifreeze, but should never contain more than 70-per- 
cent antifreeze. 


Thermostat — check and replacement 


Warning: The engine mustbe completely cool when this procedure is per- 
formed. 


Note: Don't drive the vehicle without a thermostat! Emissions and fuel 
economy will suffer. 


Check 

1 Before condemning the thermostat, check the coolant level, drivebelt 
tension, drivebelt tension and temperature gauge (or light) operation. 

2 If the engine takes along time to warm up, the thermostat is probably 
Stuck open. Replace the thermostat. 

3 If the engine runs hot, check the temperature of the upper radiator 
hose. If the hose isn't hot, the thermostat is probably stuck shut. Replace 
the thermostat. 

4 {ifthe upper radiator hose is hot, it means the coolantis circulating and 
the thermostat is open. Refer to the Diesel engine troubleshootingsection 
in Chapter 1 for the cause of overheating. 

5 Ifanengine has been overheated, you may find damage such as leak- 
ing head gaskets, scuffed pistons and warped or cracked cylinder heads. 


) THERMOSTAT - 


POINTED 
| END UP 
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"TBY-PASS HOSE У А 
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2.25a Оп the 5.7L engines, the thermostat is located at 
the front of the intake mainfold 
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2.25b The 6.2L engine thermostat is located in the 
crossover pipe which goes between the cylinder heads 


2.26 Typical cooling fan and clutch details 


1 Water pump 5 Fan 
2 Pulley 6 Clutch 
3 Stud 7 Nut 
4  Fan-to-clutch bolt 
Replacement 


6  Draincoolant (about 3 quarts) from the radiator, until the coolant level 
is below the thermostat housing. 

7  Disconnectthe upper radiator hose from the thermostat housing cov- 
er, which is located at the forward end of the intake manifold (5.7L engine) 
or in a crossover pipe between the cylinder heads (6.2L engine). 

8  Removethenuts/bolts and lift the cover off (see illustrations). It may 
be necessary to tap the cover with a soft-face hammer to break the gasket 
seal. 

9 Note how it's installed, then remove the thermostat. 

10 Useascraper or putty knife to remove all traces of old gasket material 
and sealant from the mating surfaces. Make sure that no gasket material 
falls into the coolant passages; it is a good idea to stuff a rag in the pas- 
sage. Wipe the mating surfaces with a rag saturated with lacquer thinner 
or acetone. 

11 Apply athin layer of RTV sealant to the gasket mating surfaces of the 
housing and cover, then install the new thermostat in the engine. Make 
sure the correct end faces up — the spring is directed into the housing. 
12 Position a new gasket on the housing and make sure the gasket holes 
line up with the bolt holes in the housing. 


13 Carefully position the cover on the housing and install the bolts. Tight- 
en them to the torque listed in this Chapter’s Specifications — do not over- 
tighten them or the cover may be distorted. 

14 Reattach the radiator hose to the cover and tighten the clamp — now 
may be a good time to check and replace the hoses and clamps. 

15 Refer to the Cooling system servicing section earlier in this Chapter 
and refill the system, then run the engine and check carefully for leaks. 


Coolant temperature switch — check and replacement 


Temperature warning light system check 

1 If the light doesn't come on when the ignition switch is turned on, 
check the bulb. If the light stays on even when the engine is cold, unplug 
the wire at the switch. If the light goes off, replace the switch. If the light 
stays on, the wire is grounded somewhere in the harness. 


Temperature gauge system check 

2 If the gauge is inoperative, check the fuse. 

3 Ifthe fuse is OK, unplug the wire connected to the switch and ground it 
with a jumper wire. Turn the ignition switch On. The gauge should now reg- 
ister at maximum. If it does, replace the temperature switch. If it still 
doesn't work, the gauge or wiring may be faulty. 


Temperature switch replacment 

4 With the engine cold, unplug the wire from the switch. Prepare the 
new switch by wrapping Teflon tape around the threads, or by applying a 
thin film of RTV sealant to them. 

5 Unscrew the switch and quickly thread the new one in to prevent loss 
of coolant. l 

6 Connect the wire to the new switch. Check the coolant level and add 
some, if necessary. 


Cooling fan and fan clutch — removal and installation 
1  Thecoolingfan should be replaced if the blades become damaged or 
bent. The fluid drive fan clutch is disengaged when the engine is cold, or at 
high engine speeds, when the silicone fluid inside the clutch is contained in 
the reservoir section by centrifugal action. Symptoms of failure of the fan 
clutch are continuous noisy operation, looseness leading to vibration and 
evidence of silicone fluid leaks. 

2  Disconnect the negative cable from the battery. Remove the upper 
fan shroud. 

3  Loosenthe water pump pulley bolts/nuts. 

4 Remove the drivebelt. 

5  Unboltthefan assembly and detach it from the water pump (seeillus- 
tration). 

6 The fan clutch can be unbolted from the fan blade assembly for re- 
placement. 

7 Installation is the reverse of removal. 


————————————————————MMÀ—M—— 
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2.27 Check the weep hole for leakage 


2.29 Typical water pump 
details (6.2L engine) 


Water pump 

Bolts 

Bolts/studs 

Gasket 

Bolt 

Plate mounting bolts 
Bolt 

Water pump plate 
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2.28 Try to move the water pump pulley to check for 
bearing waar 


Water pump — check 

1 Water pumpfailure can cause overheating and serious damage to the 
engine. There are three ways to check the operation of the water pump 
while it is installed on the engine. If any one of the three following quick 
checks indicates water pump problems, it should be replaced immed- 
iately. 

2 Start the engine and warm it up to normal operating temperature. 
Squeezethe the upper radiator hose. If the water pump is working proper- 
ly, you should feel a pressure surge as the hose is released. 

3 A seal protects the water pump impeller shaft bearing from contami- 
nation by engine coolant. If this seal fails, a weep hole in the water pump 
snout will leak coolant (see illustration) (an inspection mirror can be used 
to look at the underside of the pump if the hole isn't on top). If the weep hole 
is leaking, shaft bearing failure will follow. Replace the water pump imme- 
diately. 

4 Besides contamination by coolant after a seal failure, the water pump 
impeller shaft bearing can also be prematurely worn out by an improperly 
tensioned drivebelt. When the bearing wears out, it emits a high pitched 
squealing sound. If such a noise is coming from the water pump during 
engine operation. the shaft bearing has failed — replace the water pump 
immediately. Note: Do not confuse belt noise with bearing noise. 

5 To identify excessive bearing wear before the bearing actually fails, 
grasp the water pump pulley and try to force it up-and-down or from side- 
to-side (seeillustration). !f the pulley can be moved either horizontally or 


vertically, the bearing is nearing the end of its service life. Replace the wa- 
ter pump. 


Water pump — removal and installation 


Removal 

1  Disconnect the negative cable at the battery. 

2 Drain the coolant. 

3 Loosen the fan pulley nuts/bolts and then remove the drivebelt. 

4 Loosen the hose clamps for the lower radiator hose and disconnect 
the hose from the water pump. 

5 Remove the fan assembly and water pump pulley. 

6 Onsome models the compressor, alternator or power steering brack- 
ets may attach to the water pump. Where necessary, loosen the compo- 
nents so that the brackets can be moved aside and the water pump bolts 
removed. 

7 Remove the mounting bolts from the water pump and detach it and, 
on 6.2L engines, the water pump plate from the block (see illustration). It 
may be necessary to grasp the pump securely and rock it back-and-forth 
to break the gasket seal. 


Installation 

8 Clean the sealing surfaces on both the block and the water pump. 
Wipe the mating surfaces with a rag saturated with lacquer thinner or ace- 
tone. 
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2.30 Apply anaerobic sealer to the points shown on the 
water pump plate — the sealer must be damp to the touch 
when the plate is installed 


9 Apply athin layer of RTV sealant to the block mounting surfaces and 
install new water pump gaskets. 

10 Apply a thin layer of RTV sealant to the water pump mounting sur- 
faces. On 6.2L engines, apply anaerobic sealer at the points shown (see 
illustration). The sealer must be damp when the plate is installed. 

11 Placethe water pump in position and install the bolts and studs finger 
tight. Use caution to ensure that the gaskets do not slip out of position. Re- 
member to reinstall any mounting brackets secured by the water pump 
mounting bolts. Tighten the bolts to the torque values listed in this Chap- 
ter's specifications. 

12 Installthe water pump pulley and fan assembly and tighten the pulley 
bolts by hand. 

13 Installthe lower radiator hose, heater hose and hose clamps. Tighten 
the hose clamps securely. 

14 Install the drivebelt and tighten the fan mounting bolts securely. 

15 Fillthe cooling system with the recommended type of coolant, refer- 
ring to the Cooling system servicing Section earlier in this Chapter. 

16 Connect the cable to the negative terminal of the battery. 

17 Start the engine and check the water pump and hoses for leaks. 
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Low pressure fuel delivery 
system — general information 


The low pressure fuel delivery system (see illustrations) on the 5.7L 
and 6.2L diesel engines consists of the fuel tank, the lift pump, the fuel fil- 
ter(s) and the fuel lines connecting all these components. Early versions 
ofthelow pressure systems on both engine arefairly simple: They use me- 
chanical fuel pumps similar to conventional gasoline fuel pumps and a 
pleated-paper type filter element. However, as GM has refined the low 
pressure system, it has became more and more complex. Later versions 
use an electric solenoid pump and a combination fuel filter/heater/water 
separator with a built-in water-in-fuel warning system. 


Fuel storage 

Good quality diesel fuel contains rust inhibitors to stop the formation 
of rust in the fuel lines and the injectors, so as long as there are no leaks 
in the fuel system, it's generally safe from water contamination. Diesel fuel 
is usually contaminated by water as a result of careless storage. There's 
not much you can do aboutthe storage practices of service stations where 
you buy diesel fuel, but if you keep a small supply of diesel fuel on hand 
at home, as many diesel owners do, follow these simple rules: 

1) Diesel fuel *ages" and goes stale. Don't store containers of diesel 
fuel for long periods of time. Use it up regularly and replace it with 
fresh fuel. 

2) Keep fuel storage containers out of direct sunlight. Variations in 
heat and humidity promote condensation inside fuel containers. 

3) Don'tstore diesel fuel in galvanized containers. It will cause the gal- 
vanizing to flake off, contaminating the fuel and clogging filters 
when the fuel is used. 

4) Label containers properly as containing diesel fuel. 


“Water-In-Fuel” (WIF) warning system 

Since late 1980, a "Water-In-Fuel" (WIF) system has been offered by 
GM -first as an option, later as standard equipment — on the models cov- 
ered by this manual. Retrofit kits are also available for 1978, 1979 and ear- 
ly 1980 models —if you have an early vehicle without this system, we highly 
recommend that you install one. 


FUEL INJECTION PUMP 


2.31a Schematic of the fuel delivery 
systems used an the 5.7L engine 
(leak-off pencil nozzle system above; 
poppet nozzle system below) 
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Earlier versions of the system detect the presence of water when it 
reaches the one-to-two-gallon level. Water is detected by a capacitive FUEL 
probe; an electronic module provides a ground through a wire to a light in нь RETURN 
the instrument cluster that reads "WATER IN FUEL." PIPE PIPE 

All 1981 and later WIF units include a bulb-check feature: When the 
ignition is turned on, the bulb glows from two to five seconds, then fades 
away. (This feature isn't included on 1980 WIF units or in the retrofit WIF CHECK 
kits available for 1978, 1979 and early 1980 models.) VALVE 

If the light comes on immediately after you've filled the tank, drain the 
water from the tank immediately. There might be enough water in the sys- 
temto shut the engine down before you've driven even a short distance. FUEL LEVEL DIESEL FUEL 


If, however, the light comes on during a cornering or braking maneuver, 
there's less than a gallon of water in the system; the engine probably won't 
shut down immediately, but you still should drain the water within a day 
or two. 

Water is heavier than diesel fuel, so it sinks to the bottom of the fuel 
tank. An extended return pipe on the fuel tank sending unit (see illustra- 
tion), which reaches down into the bottom of the tank, enables you to si- 
phon most of the water from the tank without removing the tank. But 
siphoning won't remove all of the water; you'll still need to remove the tank 
and thoroughly clean it. 

The extended return pipe is used on all fuel tank sending units 
equipped with the WIF feature; it was also phased into production on some 
1980 units that weren't equipped with the WIF feature. How can you tell 
whether your sending unithas the siphoning feature without re-moving the 
sending unit? If it has got a purple ground wire, it has got the syphoning 
feature. 

A check valve is installed at the upper end of the fuel sending unit to 
allow fuel to return in the event that frozen water plugs the end of the pipe; 
all 1981 and later units have a sock with a relief valve in the top end. This 
relief valve is designed to open up in case high cloud-point fuel is used in 
cold weather and the sock gets plugged with wax crystals. 

Ifthe WIF unit needs to be replaced, you can service it separately from 
the tank unit. You can also test it on the bench with the simple setup shown 
here (see illustrations). 

The sensor module in 1980 models turns on the WIF light as soon as 
water touches the probe, and remains on until the 12-volt signal is re- 
moved. If vehicle motion moves the water around inside the tank, the sen- 
sor can indicate smaller amounts of water present in the tank. 
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2.32 Fuel pick-up/sending unit equipped with 
Water-In-Fuel (WIF) warning system 


The module in the detector probe used with 1981 modules must re- 
main submerged in water for about 15 to 20 seconds before it will indicate 
the presence of water. The indicator light comes on and stays on until the 
12 volt signal is removed. This unit will accomodate larger amounts of wa- 
ter. 

In 1983 and 1984, the WIF sensitivity was improved to trigger at .26 
to .80 gallons instead of 1 to 2 gallons, and the time delay was changed 
from 15 to 20 seconds to 3 to 6 seconds. 
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WATER IN FUEL LIGHT 
ON AT ALL TIMES 


мА ignition on disconnect 2 
wire (yel/blk-pink) 

connector* ài rear of fuel tank 
and check water in fuel light. 


WATER IN FUEL DETECTOR 
DIAGNOSIS 


OPERATION 


The Diesel “Water in Fuel" system usas an electronic 
wile délecto* mounted naida fhe бша! tank on ни Tui 
age sender. The detector will warn iiw driver тап 1 - 
% E nf water are present in the fuel lark by 
light ng a “Water in Fuel" light on the Inatrument panel. 
light will also come on for 2-5 seconds each tima ìha 
фон If turned on. This bulb check sasurna the driver 
the light i= working. 


When water is dafected it ram be drained through the 
fuel return line without removing ihm һе! tank. 


*TORONADO HAE A 3 WIRE CONNECTOR. 
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WATER IN FUEL 
LIGHT DOES NOT COME ON 


DURING BULB CHECK 


With ignition on disconnect 2 
wire (yel/blk-pink) enmmme- 
ог“ al ruar 07 fuel tank and 
ground the yel/bik wire in the 
body harness. Check watar in 
tumi light. 


LIGHT ON 


Locate and repair 
ahort tà ground т 
yel/bik wire from 2 
wire connector to IP 
Wailer in fu! lamp. 


LIGHT OFF 


Purge fuel tink per 
purging instructions. 
Connect 2 wire 
connector* and check 
water in fus light. 


LIGHT ON 


! 


Remove fuel gage 
tank unit and check 
yel/blk wii for opens. 
Check connections to 
walny in fuel délector 
and mounting oraw 
must be tight. If OK, 


LIGHT OFF 


Cheak wai in fuel 
һы I! OK, check for 
open circuit in yel/bik 
wire from 2 wire 
connector ëf rear of 
tank ta IP water in fuel 
lamp socket. 


LIGHT ON 


Remove tank unit. 
Check wires for short 
circuits. If OK, replace 
detector. 


TESTING 
WATER IN FUEL DETECTOR 


Connect water in fuel detector ва shown using a 12 V 2 
C.P. bulb. There must be и ground circuit їп the water 
for tha detector to work. The light will turn on for 2-5 
seconds than dim out. It will then turn back mm (after 
15-20 second delay) whan about 3/8" n! the detector 

probe М in the water. Reta to illustration for ami set-up. 


LIGHT OFF 


Normal — "uel тай 
water in it. 


replace wale’ in fuel 
detector. 
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FUEL TANK PURGE PROCEDURE 


| 
і Cars which have в "Water in Fuel" light may have {Га water 
| removed from tha їиш! tank with a pump ur by siphoning. The pump 
| оғ siphon hose should be hooked up to the 1/4 Inch fuel return 
| поки (smaller af the twa fuel hoses) alo vn Ue rear axle or under 
| me hood near the fuel pump. Siphoning should continue until all 
і мат is removed from the fuel tank. Use a clear plastic line ar 
| : observe filter bowl on draining equipment Ia determine when clear 
fusi begins to flow. Ba mura to amava lhe сар un fuel tank while 
і using thia purge procedure. Replace the cap win finished. The 
1 same precautions for handling gasoline should Ше observed when 
L purging 21020! fuel tanks. 


BATTERY 


WATER MUST 
BE GROUNDED 


TEST SET-UP 


12 VOLT 
2 CANDLE POWER 
BULB 


GND THROUGH 


TO T ON SENDING FUEL GAGE 
UNIT SENDER 
FUSE BLOCK 


WATER IN FUEL 


INDICATOR IN 
WATER IN FUEL 
DETECTOR LP. CLUSTER YEL/BLK 
YEL/BLK 
TERMINAL 
IDENTIFICATION YEL/BLK 
NEG. POS. 
“Чы” BERR 
UEL 
TANK WATER IN 
FUEL DETECTOR 
TOP VIEW OF 
DETECTOR 


WATER IN FUEL DETECTOR 


CIRCUIT 


2.33a Water-in-fuel detector diagnosis (1978 through 1982 5.7L engine) 


WATER IN FUEL LIGHT 
The Di “+ i "n 
ON AT ALL TIMES water Жуну ы i Анча Tcp 


Wifi ignition on disconnect 2 
wire (yel/blk-pink) 

connector* isi rear of fuel tank 
and check water in fuel light. remain on. 


LIGHT ON 


i 


Locate and repair 
short tà ground in 
yel/blk wire from 2 
wire connector to IP 
water in fuel lamp. 


Remove tank unit. 
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WATER IN FUEL DETECTOR 
DIAGNOSIS 


OPERATION 


WATER IN FUEL 
LIGHT DOES NOT COME ON 


age sender. The detector will wnrn the driver when 1 - BURING BULB CHECK 


15 pus of water mre present in the fuel tank by 

lighting a “Water in Fuel" light un the instrument panel. 
The light will aims wor on for 2-5 seconds each time the 
ignition is turned on. This bulb check sanuras the driver 
the light is working. If there is water in the fuel, the light 
will nmn hatt um itur я 3-6 second off delay, and then 


With ignition on disconnect 2 
wire (yel/blk-pink) 
connector* at rmir of fuel tank 
and ground ihá yel/blk wire in 
the body harness. Check 


T "E gt ХЕП ВЕК walter in fuel light. 


iS А SINGLE WIRE CONNECTOR 


‘LIGHT OFF 


Drain fuel tank per 
draining instructions. 
Connect 2 wire 
connector* and check 
water in fuel light. 


LIGHT ON 


i 


Remove Iuel gage 
tank unit and check 
yel/blk wire for opens. 
Check connections to 
water in fuel detector 
and mounting screw- 
must De tight. 11 OK, 


LIGHT OFF 


Check water in fuas 
bulb. H OK, check for 
open circuit in yel/blk 
wire from 2 wire 
connector at ramr of 
tank to IP water in fuel 
lamp socket. 


replace water in fuel 
detector. 


LIGHT ON LIGHT OFF 


Normal — fuel had 


Check wires for short water in it. 
circuits. If OK, replace 


detector. 


TESTING 
WATER IN FUEL DETECTOR 


Connect water In еі detector ва shown using a 12 V 
2-C.P. bulb. There must be и ground circuit to the water 
for the detector to work. The light will turn on for 2-5 
seconds then dim out. It will theri turn back on (after 3-6 
second delay) when about 3/8" of the detector probe іш 
in the water. Fiofar tà illustration for tast set-up. 


* 


BATTERY 


WATER MUST 
BE GROUNDED 


GND THROUGH 
12 VOLT TO GAGES ON SENDING FUEL GAGE 


2 CANDLE POWER FUSE UNIT SENDER 


WATER IN FUEL 
INDICATOR IN 
1.P. CLUSTER Ж YEL/BLK 


WATER IN FUEL 


DETECTOR velim 
TERMINAL 
IDENTIFICATION YEL/BLK 
NEG. POS. 
NACE AT REAR 
CK F EVEL 
OF RANK WATER IN 
FUEL DETECTOR 
TOP VIEW OF 
DETECTOR 


WATER IN FUEL DETECTOR 
CIRCUIT 


TEST SET-UP 


2.33b Water-in-fuel detector diagnosis (1983 and later 5.7L engine) 
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Diesel fuel contamination 

Water-contaminated diesel fuel can lead to major problems. You can 
identify water-contaminated diesel fuel by its cloudy appearance. If it re- 
mains in the fuel system too long, water will cause serious and expensive 
damage. The fuel lines and the fuel filter can become plugged with rust 
particles, or clogged with ice in cold weather. The injection pump and the 
injectors can be damaged or ruined. 

Before you replace an injection pump or some other expensive compo- 
nent, find out what's causing the problem. If water contamination is pres- 
ent, buying anew or rebuilt pump or other component won'tdo much good. 
The following procedure will help you pinpoint whether water contamina- 
tion is present: 

1) Remove the engine fuel filter and inspect the the contents for the 
presence of water or gasoline. 

If the vehicle has been stalling, performance has been poor or the 
engine has been knocking loudly, suspectfuel contamination. Gas- 
oline won't harm the injection system, but it must be removed by 
flushing (see below). 

If you find water in the fuel filter, remove the injection pump cover 
(refer to the part of this chapter that deals with the high pressure 
system). If the pump is full of water, flush the system (see below). 
Small quantities of surface rust in the injection pump won't create 
а problem. If contamination is excessive, the vehicle will probably 
stall. Remove the metering valve and polish it lightly with 600 grit 
paper to remove the contaminant. If the advance piston is stuck (as 
evidenced by poor performance, smoke or noise), it may be neces- 
sary to remove the pump to free it up. 

Sometimes contamination in the system becomes severe enough 
to cause physical damage to the springs and linkage in the pump. 
If the damage reaches this stage, have the damaged parts re- 
placed and the pump rebuilt by an authorized Stanadyne shop, or 
buy a rebuilt pump. 
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Fighting fungi and bacteria with biocides 

If there's water in the fuel, fungi and/or bacteria can form in diesel fuel 
in warm or humid weather. Fungi and bacteria plug fuel lines, fuel filters 
and injection nozzles; they can also cause corrosion in the fuel system. 

If you've had problems with water in the fuel system and you live in a 
warm or humid climate, have your dealer correct the problem. Then use 
a diesel fuel biocide to sterilize the fuel system in accordance with the 
manufacturer's instructions. Biocides are available from your dealer, ser- 
vice stations and auto parts stores. Consult your dealer for advice on using 
biocides in your area, and for recommendations on which ones to use. 


Cleaning the low-pressure fuel system 


Water-In-Fuel system 

1  Disconnect the cable from the negative battery cable. 

2 Drain the fuel tank. 

3 Remove the tank gauge sending unit. 

4  Thoroughlyclean the fuel tank. If it's rusted inside, replace it. Clean or 
replace the fuel pick-up filter and check the valve assembly. 

5  Reinstallthe fuel tank but don't connect the fuel lines to the fuel tank. 
6  Disconnectthe main fuel line from the low-pressure fuel pump. Using 
low air pressure, blow out the line toward the rear of the vehicle. 

7  Disconnect the fuel return fuel line at the injection pump and again, 
using low air pressure, blow out the line toward the rear of the vehicle. 
8  Reconnectthe main fuel and return lines at the tank. Fill the tank to a 
fourth of its capacity with clean diesel fuel. Install the cap on the fuel filler 
neck. 

9 Remove and discard the fuel filter. 

10 Connect the fuel line to the fuel pump. 

11 Reconnect the battery cable. 

12 Purgethefuel pump and pump-to-filter line by cranking the engine un- 
til clean fuel is pumped out. Catch the fuel in a closed metal container. 
13 Install a new fuel filter. 

14 Install a hose from the fuel return line (from the injection pump) to a 
closed metal container with a capacity of at least two gallons. 

15 On 1981 and later vehicles, if the engine temperature is above 
125-degrees F, activate the injection pump Housing Pressure Cold Ad- 


vance (HPCA): Detach the connectors for both leads at the engine tem- 
perature switch and bridge them with a jumper. 

16 Crank the engine until clean fuel appears at the return line. Don't 
crank the engine for more than 30 seconds at a time. If it's necessary to 
crank it again, allow a three-minute interval before resuming. 

17 Remove the jumper from the engine temperature switch connector 
and plug in the connectors to the engine temperature switch. 

18 Using two wrenches to prevent damage to the nozzles, crack open 
each high pressure line at the nozzles. 

19 On1981 andlater vehicles, disconnectthe lead to the HPCA solenoid 
on the injection pump. 

20 Crankthe engine until clean fuel appears at each nozzle. Don't crank 
the engine for more than 15 seconds at a time. If it's necessary to crank it 
again, allow a two-minute interval before resuming. 

21 On 1981 and later vehicles, reconnect the HPCA lead at the pump. 


Gasoline in the fuel system 

Ifgasoline has been accidentally pumped into the fueltank, it won't hurt 
the fuel system or the engine, but the engine won't run, either. Gasoline 
has a characteristic known as “octane,” which is its ability to resist ignition 
under high temperatures. Gasoline has a high octane rating, i.e. it resists 
ignition under high heat. It must be ignited by a spark. Gasoline in the fuel 
in small amounts — from 0 to 30 percent — isn't noticeable. At higher ratios, 
the engine will make a knocking noise, which will get louder as the amount 
of gasoline goes up. Gasoline in any amount, however, will make the en- 
gine harder to start when its hot. In the summertime, hot starting can be 
a big problem. Here's how to rid the fuel system of gasoline: 
1 Drain the fuel tank and fill it with diesel fuel. 
2 Remove the fuel line between the fuel filter and the injection pump. 
3  Connecta short pipe and hose to the fuel filter outlet and run it to a 
closed metal container. 
4  Cranktheengineto purge gasoline out of the fuel pump and fuel filter. 
Don'tcrank the engine for more than 15 seconds at a time. Allow two min- 
utes between cranking intervals. 
5 Remove the short pipe and hose and install the fuel line between the 
fuel filter and the injection pump. 
6 Try to start the engine. If it doesn't start, purge the injection pump and 
lines: Crack the fuel line fittings a little, just enough for fuel to leak out. De- 
press the accelerator pedal to the floor and, holding it there, crank the en- 
gine until all gasoline is gone, i.e. diesel fuel leaks out of the fittings. 
Tighten the fittings. Limit cranking to 15 seconds with two minutes be- 
tween cranking intervals. 
7  Startthe engine and run it at idle for 15 minutes. 


Low-pressure pump — general information 


Althoughthe injection pumpis capable of pulling fuel from the fuel tank, 
a low-pressure pump (also known as a delivery pump, lift pump, supply 
pump or transfer pump) is installed between the tank and the injection 
pump to prevent it from burning up if the tank runs dry or if a leak allows 
airinto the fuel lines. And because the low-pressure pump raises the pres- 
sure level of the fuel entering the injection pump, it prolongs the service 
life of the injection pump significantly. . 


Mechanical low-pressure pump 


Some models use a mechanical, diaphragm-type low pressure pump 
to deliver fuel from the fuel tank to the injection pump. The mechanical lift 
pump is similar to a mechanical gasoline pump, except that a gasoline 
pump is operated by an eccentric on the camshaft. On the diesel version, 
the injection pump is driven by the crankshaft, so the lift pump, which is 
bolted to the right side of the engine, is driven by an eccentric on the nose 
of the crankshaft (see illustration). 

Here's how it works: A rocker arm rides directly on an eccentric, or is 
actuated by a pushrod that rides on the eccentric (see illustration). A 
spring holds the rocker arm in constant contact with the eccentric or push- 
rod. As the eccentric or pushrod moves the rocker arm, the other end of 
the arm pulls a diaphragm toward it. The vacuum action of this diaphragm 
enlarges the fuel chamber drawing fuel from the tank through the inlet 
valve and into the fuel chamber. The return stroke, which begins at the 
high point of the cam or eccentric, releases the compressed diaphragm 
spring, expelling fuel through the outlet valve. When there's enough fuel 
in the line between the low-pressure pump and the injection pump, the 
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2.34 Typical fuel lift pump — note how it’s operated by an 
eccentric an the noaa of the crankshaft, instead of a lobe on 
the camshaft, like a conventional gasoline type pump 


FUEL FILTER 


2.36 The mechanical lift pump is located on the right 
side of the block, #1 the front of the engine (pump for 
6.2L engine shown, 5.7L pump similar) 


pressure build-up in this line forces the diaphragm and piston to make 
shorter and shorter strokes. As the pressure in the line goes down, the 
stroke length of the diaphragm and piston increases. And so on. 

In 1989, the original pump (part number 6442199) was replaced by a 
newer design (part number 6443254). At first glance, both units look iden- 
tical. But there's an important difference between the two: The inlet and 
outlet valves of the older pump each have a .007-inch-diameter "drain- 
back" hole. This design is known as a "vented" pump. The drain-back 
holes allow fuel to drain back to the fuel tank when small air leaks are pres- 
ent. This allows the fuel injection system to become somewhat "aerated," 
and sometimes causes cold-start problems. The newer design — known 
as a "non-vented" pump — has no vent holes in the valves; it eliminates one 
of the "known" fuel drain-back paths in the fuel injection system. The new- 
er pump greatly reduces difficult-cold-start problems. 


Testing the mechanical pump 

There are two simple tests you can perform to determine whether а 
mechanical pump is operating satisfacorily. But first, do the following pre- 
liminary inspection: 
1 Check the fuel line fittings and connections — make sure they're tight. 
If a fitting is loose, air and/or fuel leaks may occur. 
2 Check for bends or kinks in the fuel lines. 
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2.35 Cutaway of a typical fuel lift pump 


2.37 Fuel-injection pump electric shut-off (ESO) 
solenoid connector 


3 Startthe engine and let it warm up. With the engine idling, conduct the 
following checks before proceeding to the actual fuel pump tests: 

a) Look for leaks at the pressure (outlet) side of the pump. 

b) Look for leaks on the suction (inlet) side of the pump. A leak on the 
suction side will suck air into the pump and reduce the volume of 
fuel on the pressure (outlet) side of the pump. 

с) Inspect the steel cover and the fittings on the fuel pump for leaks. 
Tighten or replace the fittings as necesary. 

d) Look for leaks around the diaphragm, the flangé and the breather 
holes in the cast pump housing. If any of them are leaking, replace 
the pump. 

Fuel flow test 

1 Unscrew the threaded fittings and detach the metal fuel line from the 
filter inlet (see illustration). 

2  Disconnect the pink wire at the fuel injection pump electric shut-off 
(ESO) solenoid (see illustration). 

3  Puttheendofthe metalline in a suitable container and crank overthe 
engine a few times. 

4  |flittleornofuelflows from the open end of the fuel line, either the line 
is clogged or the fuel pump is dysfunctional. Remove the line between the 
fuel tank and the pump, blow it out and try this test again. 

5 If there’s still little fuel flowing from the pipe, replace the pump (see 
below). 
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2.38 Use a vacuum gauge to check the ability of the 
pump to draw vacuum 


Vacuum test 

The vacuum test is the best indicator of how well a mechanical low- 
pressure pump is working. If the low-pressure pump can only draw a low 
vacuum, or has a totalloss of vacuum, it can't provide sufficient fuel to the 
injection pump to operate the engine throughout its normal speed range. 
The following vacuum test will help you determine whether the pump has 
the ability to pump fuel. 
1  Detach the hose from the fuel tank to the fuel pump at 
the pump. Plug the hose to prevent contamination or fuel leakage. 
2  Connectone end of a short hose to the fuel pump inlet and attach a 
vacuum gauge to the other end (see illustration). 
3 Start the engine. Note the vacuum gauge reading with the engine at 
idle. Shut off the engine. If the indicated vacuum is less than 12 inches Hg, 
replace the pump. 
4 Remove the vacuum gauge and reattach the fuel inlet line. 


Mechanical pump — removal and installation 

Warning: Diesel fuel isn't as volatile as gasoline, but it is flammable, so 
take extra precautions when you work on any part of the fuel system. Don't 
smoke or allow open flames or bare light bulbs near the work area. And 
don't work in a garage where a natural gas-type appliance (such as a wa- 
ter heater or clothes dryer) with a pilot light is present. Finally, when you 
perform any kind of work on the fuel system, wear safety glasses and have 
a Class B type fire extinguisher on hand. If you spill any fuel on your skin, 
rinse it off immediately with soap and water. 

1 Detach the cable from the negative battery terminal. , 

2  Disconnectthe fuel inlet and outlet lines from the low-pressure pump. 
3 Remove the pump mounting bolts and remove the pump, gasket(s) 
and spacer plate (if equipped) from the engine (see illustration). 

4 Remove all old gasket material from the pump-to-block mating sur- 
face with a gasket scraper and clean the surface thoroughly with solvent. 
5 Installation is the reverse of removal. Be sure to use new gaskets. 


Electric low-pressure pump — general information 


Some models use a solenoid-type, electric low-pressure pumpinstead 
of a mechanical pump. The pump is usually located on the left frame rail; 
however, it may also be bolted onto the block. The basic operation of the 
electric pump is simple: A solenoid-oscillated plunger pumps fuel in one 
check valve and out the other. This design has one big advantage over 
mechanical units: No rubber parts — like a diaphragm or bellows — are con- 
stantly flexed, so the pumpis very reliable. The pumpis completely sealed 
against fuel leakage. However, the pump won't last long if it's operated 
without fuel circulating through it because fuel cools the solenoid wind- 
ings. Without it, they'll quickly overheat. 


PIPE ASSEMBLY 


2.39 Mounting details of a typical fuel lift pump assembly 


The electric pump operates on 12-volts, but will continue to operate 
during surges as high as 24-volts and as low as 8-volts. It's also protected 
against solenoid burnout if polarity is accidentally reversed. 


Testing the electric pump 

1 Check the fuel line fittings and connections — make sure they're tight. 
If a fitting is loose, air and/or fuel leaks may occur. 

2 Check for bends or kinks in the fuel lines. 

Зз Starttheengine andletitwarm up. With the engine idling, conduct the 
following preliminary inspection before proceeding to the actual fuel pump 
tests: 

a) Listen to the pump. It should emit a steady purring sound. If it 
sounds shrill or metallic, it's probably about to fail. 

b) Look for leaks at the pressure (outlet) side of the pump. 

C) Lookfor leaks on the suction (inlet) side of the pump. A leak on the 
suction side will suck air into the pump and reduce the volume of 
fuel on the pressure (outlet) side of the pump. 

d) Inspectthe pump itself and the fittings on the pump for leaks. Tight- 
en or replace the fittings as necesary. 


Voltage test 

1 First, make sure the pump is getting battery voltage. Detach the B+ 
lead and, using a test light, make sure the pump is receiving voltage. 

2  Ifthepumpisn'treceiving voltage, trace the lead back to the main wire 
harness, locate the problem (open, short, loose connector, etc.), fix it and 
recheck. 

3 If the pump is receiving voltage, but isn't operating, the solenoid or 
transistor is burned out. Replace the pump. 


Output tests 

1 If is getting battery voltage and sounds like it's operating properly, 
check the output. l 

2 Disconnect the outlet hose from the pump, attach a short section of 
hose in its place and place the end of the hose in a suitable container. 
3 Start the engine and note the quality of the squirts of fuel being 
emitted by the pump. They should be distinct and pronounced. If they're 
dribbling out, the pump is worn out. Replace it. 

4 If the pump appears to be operating properly, remove the auxiliary 
hose, reattach the outlet line, detach the line at the inlet to the fuel filter and 
attach a conventional low-pressure gauge to the line. 

5 Start the engine and run it for 10 to 15 seconds. The indicated fuel 
pressure should be 5.8 to 8.7 psi. If it isn't, replace the pump. 


Electric pump — removal and installation 

1 Detach the cable from the negative battery terminal. 

2  Detach the electrical lead to the В+ terminal on the pump. 

3  Disconnectthe fuel intet and outlet lines from the pump and plug the 
lines to prevent contamination and leakage. 

4  Loosen the pump mounting clamp and remove the pump. 

5 Installation is the reverse of removal. 
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2.40 Attach a short, clear plastic hose into the return line an top 
of the injection pump, start the engine and watch for air bubbles 
or foam in the line 


Inspecting the fuel lines 


Air in the lines 

The fuel lines, hoses and fittings in the fuel system must not allow air 
to enter the system. With the fuel tank filler cap screwed on and the low- 
pressure and injection pumps pulling fuel through the lines, a slight vacu- 
um of 0 to 1 pound Hg is created. During this vacuum condition, the 
smallest leak 

— it may not even leak fuel externally — can draw air into the system. 
Depending on how much air enters the lines, a variety of driveability prob- 
lems — reduced mileage, smoking, poor performance and hard starting — 
can occur. 

For instance, if the inlet fitting is slightly loose at the engine fuel filter, 
it will probably admit air into the lines. The symptoms are a fuel leak and/or 
a diesel fuel odor. The engine will start, then die and refuse to restart. 
Why? Because when the engine is shut down, the fuel syphons out of the 
lines and fuel pump, and drains back into the tank. Then it's replaced by 
air which enters at the loose fitting, until the fuel system is emptied. As a 
- result, the engine must be cranked until the lines are full again. The moral 
here is: Keep the fittings tight and the lines in good shape if you want to 
prevent air in the lines. 


Diagnosing air in the fuel lines 

The hydraulic advance mechanism won't work properly unless it's re- 
ceiving transfer pump pressure and pump housing pressure. Even a small 
deviation below the factory-adjusted operating pressure range will affect 
the advance mechanism and, therefore, the injection timing. Fuel pump 
delivery less than 5-1/2 to 6-1/2 pounds pressure reduces the total ad- 
vance in direct proportion to the amount of the loss in pressure. Leaks, 
plugged filters, air ingestion, restricted lines, etc. — all reduce pressure de- 
livery. Depending on the size ofthe obstruction, a return line restriction can 
elevate housing pressure to as high as transfer pump pressure, and will 
eventually stall the engine by upsetting the delicate balance between the 
transfer pump and housing pressures. Here's how to check for air in the 
lines: 
1 Attach a short, clear plastic hose into the return line at the top of the 
injection pump (see illustration). 
2  Startthe engine and watch for air bubbles or foam in the line. 
3 Iffoam or bubbles are present, raise the vehicle and detach both fuel 
lines at the tank sending unit. Plug the disconnected return line (the one 
with the smaller diameter). 
4 Attach a. low-pressure air pressure source (a hand-operated pump 
will work fine) to the larger hose (the one with a 3/8-inch diameter) and ap- 
ply 8 to 12 psi. 
5 Note the indicated pressure reading: If the pressure quickly goes 
down, there's a leak in the line. The pressure you pumped into the line 
should force fuel out the leak point, enabling you to pinpoint its location. 
Note: /f you've got a vehicle with two fuel tanks, check the right fuel line 
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2.4 The fuel heater, which is electrically powered by the 
ignition circuit, is thermostatically controlled to operate when 
the temperature goes low enough to rause waxing of the fuel 
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2.42 Onengines with a mechanical lift pump, the fuel 
heater is installed on the fuel filter inlet line a short 
distance upstream from the filter 


with the dash switch at the right tank position, then check the left line with 
the switch pointing to the left tank. When you pressurize each line, watch 
the switching valve itself — that may be the source of the leak. 

6 Repair the fuel line(s) as necessary. Make sure the right size hose 
clamps are installed. Look for burrs on the edge of metal lines — it couid 
tear the inside of a rubber hose and allow air to enter. Pay particular atten- 
tionto things like incorrect installation of fittings and defective or damaged 
auxiliary filters or water separators. 


Be sure to use the correct replacement lines 

If a fuel hose can't be repaired and you have to replace it, be sure you 
buy the right replacement hose. All 1981 and later models are equipped 
with GM SPEC. 6031 fuel hoses, which are made of "Viton" and contain 
a non-permeable tube inside the outer material. These hoses have a yel- 
low stripe and the word Fluroelastomerimprinted on them. DO NOT use 
any other type of fuel hose material if you need to replace the fuel hoses. 


Diesel fuel heater — general information and testing 

A cold weather package, consisting of an in-line diesel fuel heater and 
an engine block heater, is available on 1981 and later vehicles. Its purpose 
is to heat the fuel so the filter doesn't become clogged with wax crystals 
when the temperature drops below 20-degrees F. The use of a fuel heater 
allows the use of the (more efficient) No. 2 diesel fuel at temperatures sub- 
stantially below its cloud point. The heater (see illustrations), which is 
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2.43 The Roosa-master Model 50 fuel filter (1978 
through 1984 models with 5.7L engine) 


electrically powered by the ignition circuit, is installed on the fuel filter inlet 
line a short distance upstream from the filter. It's thermostatically-con- 
trolled to operate when the temperature dips low enough that waxing of 
the fuel is likely to occur. 

Basically, the heater can be divided into two components - the heater 
itself and the power control assembly. The heater is nothing more than an 
electric resistance strip, spiral-wound and bonded to the fuel line. To mini- 
mize heat loss to the environment, the heating element is surrounded by 
a layer of insulation. The power control assembly senses fuel temperature 
andresponds by closing an electrical circuit to the heater. The sensing ele- 
ment is a bimetal switch that turns on at 20-degrees F and shuts off at 
50-degrees F. Power consumption is 100-watts. The heater will only re- 
main on until the under-hood temperature gets hot enough to warm the 
fuel. Thermal feedback from the heating element to the bimetal actuator 
protects the element from burning out in case there's no fuel flowing 
through the fuel heater. 

The fuel tank filter sock has a bypass valve which opens when the filter 
is covered with wax, allowing fuel to flow to the heater. Without this bypass 
valve, the fuel line heater would be ineffective because the fuel would be 
trapped in the tank. The bypass valve is located at the upper end of the 
sock, so fuel will only be drawn into the bypass if the tank contains more 
than four gallons of fuel. Obviously, maintaining a minimum level of at least 
a quarter of a tank of fuel is critical when the temperature dips below 
20-degrees F. 

If you decide to retrofit a fuel heater, make sure you install the filter sock 
equipped with the bypass check valve. And since the connection for the 
fuel pipe is at a point in the side of the sock, you'll have to obtain the tank 
sending unit that's equipped with the “Water-In-Fuel” (WIF) option. 

Because it's thermostatically-controlled, the fuel heater can only be 
checked when the ambient temperature is 20-degrees F or colder. To 
check it, attach an ammeter in series. If it's operating properly, it should 
draw about 7-amps. If it isn't, replace it. The heater can't be serviced. 


Fuel filters — general information 


Particles larger than 10 microns in diameter can damage the internal 
components of the fuel injection pump. А micron is tiny — about 
.000039-inch in diameter. To put its size in the proper perspective, if you 
have perfect vision, the smallest object you can see is about 44 microns, 
or .0017-inch, in diameter; a human hair is about .003-inch across! Sec- 
ondary fuel filters must be capable of removing nearly all particles bigger 
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than 10 microns across, or they'll cause serious damage to the pump. A 
number of different filters have been used on the GM models covered in 
this manual. Familiarize yourself with the filter(s) on your vehicle so you'll 
get the right unit(s) when buying a replacement. 


Roosa-master Model 50 fuel filter 
(1978 through 1984 models with 5.7L engines) 


The Roosa-master Model 50 fuel filter (see illustration) is a two- 
stage, pleated-paper type design designed to prevent particles in the fuel 
from damaging the pump. The first stage, which consists of about 400 
square inches of filtering area, removes 94-percent of the 10-micron-and- 
larger particles in the fuel. The second stage, which is made of the same 
paper material and consists of about 200 square inches of filtering surface 
area, removes 98-percent of the stuff still left in the fuel filtered in the first 
stage. 

The filter is impossible to install incorrectly: The inlet and outlet fittings 
are different sizes. Because the outlet is lower than the inlet, any water 
which enters the filter will pass through, instead of remaining trapped in- 
side the bottom of the filter where it can freeze and hamper the operation 
of the injection pump, or rust and cause damage to the pump. 


МВО fuel filter system 
(1985 and later models with 5.7L engines) 


The NB9 fuel filter system (see illustration) minimizes corrosion in the 
fuel injection pump and improves cold weather driveability. It continuously 
removes contaminants from the fuel tank and transports them through 
auxiliary lines to a water-separating filter. The NB9 system also alerts the 
driver of water in the fuel and provides a convenient way to drain contami- 
nated fuel. 

The NB9 offers a number of improvements over earlier low-pressure 
filtering systems employed on the 5.7L engine: The AC filter assembly 
contains a water "coalescer" or “conditioner” (see illustration) which sep- 
arates water from the fuel, a fuel filter, a 100-watt fuel heater, a water stor- 
age sump, a drain cock and a "Water-In-Fuel" (WIF) indicator. A sight 
glass (similarto the device used on the receiver-drier in an air conditioning 
system) offers instant visual verification of contaminated fuel. An electric 
lift pump makes draining the fuel filter safer because it can be drained with 
the engine turned off. A water faucet-type remote filter drain valve is 
mounted away from the engine fan and hot engine components for safe 
and clean draining of the fuel filter; it also serves as a back-up shut-off in 
case the push-button drain valve mounted on the filter fails to open. O-ring 
fuel line connections virtually eliminate fuel system leaks. A relocated wax 
bypass insures that the vehicle won't run out of fue! with the gauge needle 
indicating above "Empty" during sub-zero driving. The NB9 sending unit 
(see illustration) uses a tank sock with an anti-collapsing stiffener and 
a controlled orifice to purge water from the bottom of the tank at a con- 
trolled rate. 

How does the system (see illustration) work? Water is pulled from the 
tank and separated at the filter assembly. A light on the dash comes on 
when 30 ml has been collected in the filter sump, which has atotal capacity 
of 250 ml. To purge the system, the ignition key is turned on to activate the 
electric fuel pump which pressurizes the system (engine off). The drain 
cockis closed once the fuel runs clear, indicating the purging is complete. 

To check the WIF electrical circuit, note whether the WIF light on the 
dash comes on, then goes off, when you turn the ignition key to On. Then, 
ifthere's water in the fuel tank, you should be able to drive 28 miles before 
the light turns on again, and 200 miles before the sumpis filled with water. 

The AC engine-mounted diesel fuel filter combines the following func- 
tions into one assembly: fuel heater (in the adapter), water coalescer and 
separator, fuel filter, water detector and water drain. The spin-on filter as- 
sembly houses the coalescer andfilter/separator; a die-cast cover assem- 
bly contains the fuel heater, the water detector circuit and the water 
detector probe/syphon tube assembly. 

Diesel fuel entering the adapter first passes through the heater, a Posi- 
tive Temperature Coefficient (PTC) device which provides rapid warm-up 
(it may approach 200-watts under certain conditions of cold fuel and high 
flow). A snap-disc thermostat within the heater assembly turns the heater 
on and off as necessary. As the diesel fuel flows through the adapter, it 
actually contacts the ceramic heating element. Coupled with the heater's 
close proximity to the filter, this direct contact with the heat source pro- 
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2.44 Component location for the NBO9 fuel filter system 
(1985 and later models with 5.7L engines) 
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2.46 Sending unit on NB9 system uses a tank sock with an 
anti-collapsing stiffener and a controlled orifice to purge 
water from the bottom of the tank at a controlled rate 


2.45 Cutaway of the AC filter assembly used on the 
NB9 system 
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2.47 Schematic of the NB9 filter system (1985 and later models with 5.7L engine) 


vides excellent heating efficiency (remote-mounted heaters lose heat 
through exposed fuel lines). 

The first stage of the filter assembly is a water coalescer: When fuel 
and water pass through the coalescer element, the element retards the 
flow of water droplets, which merge with other droplets to form larger 
drops, emerge from the coalescer and fall to the reservoir at the bottom 
of the filter. 

The fuel then passes through the second stage of the filter assembly, 
the paper filter. This elementis specially treated to restrict passage of the 
water and fuel contaminants as small as 10 microns. Fuel emerging from 
this element is clean and water-free as it proceeds to the injection pump. 

If the electronic water detector, mounted on the cover, detects water 
inthe fuel, it closes the circuit to an indicator light on the dash. The othher- 
lead, held in place by the WIF ground terminal bracket, is part of the circuit 
to the WIF probe; this circuit is closed when the water accumulating in the 
bottom of the can contacts the probe. At this point, you still have a few 
more miles of driving time before you have to drain the filter system, but 
it’s time to start thinking seriously about doing it. 

A pushbutton drain valve, located in the cover assembly, provides a 
convenient spigot for draining accumulated water out the WIF probe/sy- 
phon tube when the solenoid pump is energized. The indicator lights will, 
of course, go off as soon as the water drops below the trigger level. 


Draining water-contaminated fuel 

During refueling, water and other contamination may be pumped into 
your fuel tank along with diesel fuel. Your vehicle has a water separating 
fuel filter mounted on the engine. This device also warns the driver of the 
presence of water by turning on the red water-in-fuel (WIF) light. The WIF 
light also comes on during engine starting to verify that the bulb is working. 
If it doesn't come on, check the fuse and bulb. If they're okay, see your 
dealer. 

If the light comes on at any other time, the fuel filter has collected a sig- 
nificant amount of water and must be drained as soon as possible, or with- 
in one hour of operation, whichever comes first first. Here's how to do it: 
1 Turnoffthe engine, place the shift lever in P or Nand apply the parking 
brake. 

2 Тит the ignition key to the Run position, but don't start the engine. 
This energizes the electric fuel pump and activates the WIF light. Open the 
hood. 

3 Place a container with a capacity of 12 fluid ounces under the drain 
valve. The valve is located on the left fender. 

4 Open the drain valve two complete turns. 

5  Reachovertothe engine-mountedfuelfilterand pushthe drain button 
(indicated by a red arrow). Fuel and water will start flowing out the valve. 


6 Continue draining until the color of the fuel indicates that all water is 
gone and clean fuel fills the filter. If visibility is poor, hold the drain button for 
15 to 20 seconds, or stop pushing it when the container is filled. 

7  Closethe fender-mounted drain valve tightly. 

8  Dispose of the contaminated fuel in accordance with local ordi- 
nances. 

9 ifthe WIF light doesn't go off within two or three minutes, or comes 
back on within seconds after repeated draining, take the vehicle to a deal- 
er and have the contamination removed from the fuel system and the tank. 


Primary fuel filter (1982 and 1983 models with 
6.2L engines) 


The primary fuel filter (see illustration) is mounted on the firewall in 
the engine compartment. At the bottom of the filter, a water drain valve per- 
mits draining water that’s caught by the filter. This filter is an AC fibrous- 
depth element of the spin-on type. The filter case includes the drain 
petcock. Should you find it necessary to drain the water from the primary 
fuel filter, here’s how to do it: 

1 Open the petcock on the top of the primary filter housing. 

2 Place a drain pan below the filter, attach a length of hose to the pet- 
cock to direct drained fluid below the frame and open the petcock on the 
bottom of the drain assembly. 

3 When the water has drained from the filter, close the lower petcock. 
4 Close the upper petcock. 

5  Starttheengine and let it run briefly. The engine may run roughly for a 
short time until the air is purged from the system. 

6 Ifthe engine continues to run roughly, verify that both petcocks at the 
primary filter are tightly closed. 


Secondary fuel filter (1982 C, К and Р, and 1983 C/K 
models with 6.2L engine) 
All 1982 C, K and P, and 1983 C/K models with the 6.2L engine use 
a spin-on style secondary fuel filter mounted at the rear of the intake man- 
ifold (see illustration). Though its internal design is different fromthe 5.7L 
unit discussed above, its 10-micron fitering capability is the same. Be- 
cause of its spin-on design, this unit is particularly easy to replace. 


Stanadyne Model 75 secondary fuel filter (1983 G-P 
models with 6.2L engine) 
1983 G-P models use a Stanadyne Model 75 secondary fuel filter (see 


illustration). This unit is fastened to a bracket on the rear of the intake 
manifold with two bail clips. 
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2.48 The primary fuel filter is located on the firewall on 1982 and 1983 models with 6.2L engines 
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2.49 The secondary fuel filter is located ап the rear of 
the intake manifold ст 1982 C, K and P and 1983 C/K 
models with 6.2L engines 


Aside from its mounting system, the Model 75 is virtually identical inter- 
nally to the unit used on the 5.7L engine. When changing this type of filter, 
make sure you put absorbent shop towels under it to prevent diesel fuel 
from dripping down onto the clutch disc and to keep fuel out of the valley 
between the heads. 


Stanadyne Model @0 secondary fuel sentry filter 
system (1984 and later models with 6.2L engine) 


The Stanadyne Model 80 secondary fuel sentry filter system (see il- 
lustration), which is used on all 1984 and later models with the 6.2L en- 
gine, is a combination fuel heater, fuel filter, water separator and water 
sensor. It's also equipped with a filter change signal. 

The heater warms the fuel in cold weather so the filter doesn't plug with 
wax crystals. This allows the use of No. 2 diesel fuel at temperatures sub- 
stantially lower than its cloud point. The heater, which is electrically pow- 
ered by the ignition circuit, is located in the filter inlet passage in the base 
of the filter. 

The heater is thermostatically-controlled: It turns itself on when freez- 
ing temperatures make waxing of the fuel likely. It's self-protected — by 
thermal feedback from the heating element to the bimetal actuator — 
against overheating which might result from poor fuel flow. Because the 
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2.51 The Stanadyne Model 80 secondary fuel sentry filter 
system is used on all 1984 and later models with 6.2L engines 
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2.52 On 1984 models (shown), the Model 80 system tests its 
WIF circuit every time the ignition switch is turned to Start: А 
B+ signal on the purple wire it! the A test switch terminal 
causes pin D to pull low, grounding the WIF bulb; aa 1984-1/2 
and later models, the circuit looks slightly different — the water 
sansor only has three wires instead of four and the self-check 
is also slightly different (see text) 


heater is located within the filter base, it's 50-percent more heat efficient 
than a line heater. 

There are two main parts to the heater —the heater itself and the power 
control assembly. The heater is really nothing more than a spiral-wound 
resistor strip, about 7/8-inches in diameter. The power control assembly 
senses fuel temperature and, when the temperature is cool enough, re- 
sponds by closing an electrical circuit to the heater. The sensing element 
is a bimetal switch. The internal bimetal switch turns on at 20-degrees F 
and shuts off at 46-degrees F. The heater consumes about 110-watts at 
14-volts DC. The heat remains on only until the under-hood temperature 
gets hot enough to warm the fuel. 

The fuel filter is a two-stage, pleated-paper element. The first stage, 
which has 350 square inches of filtering area, can remove 96 percent of 
the particles in the 5 to 6 micron and larger range. The second stage is 
made of the same paper material; it also contains glass particles and con- 
sists of about 100 square inches of filtering surface. This second stage is 
98 percent effective in filtering the fuel already filtered by the first stage. 

The water separator is a hollow water collector in the bottom of the fuel 
filter. Because of their greater density, water droplets separate from the 
fuel oil. The separator holds about 260 cc of water. A nylon/fiberglass co- 
alescent promotes the formation of larger water droplets: One-micron wa- 
ter droplets collect in the coalescent fibers; when the droplets become 
heavy enough and large enough, they drop into the filter bottom. The co- 
alescing increases the water concentration from 20 to 30 parts-per-million 
(ppm), which promotes more efficient water collection. 

The water-in-fuel system detects water with a capacitive probe located 
inthe filter base. The probe itself is made from iron ferrite, which isn't sus- 
ceptible to electrolysis. The sensor turns on at the 50 cc level. How does 
itwork? The electronics within the probe connect the ground circuit (circuit 
150) with the ground side of the water-in-fuel warning light (circuit 508) on 
the dash. This lightis in the center of the instrument cluster next to the glow 
plug light. On 1984 models with the four-wire water sensor module, the 
bulb is checked every time the ignition switch is turned to the Start posi- 
tion. A B+ signal on the purple wire at the “A” test switch (see illustration) 
causes pin “D” to pull low, grounding the water-in-fuel bulb. On 1984-1/2, 


and 1985 and later, models with the three-wire water sensor module, the 
bulb check is a little different: The WIF light glows from two to five seconds 
when the ignition switch is turned on, then fades out. To distinguish a 
1984-1/2 module from a 1985 and later module, note the number of wires 
going into the module and the number of wires going into the connector: 
The 1984-1/2 module is a three-wire unit with a four-wire male connector; 
the 1985 and later module is a three-wire unit with a three-wire female con- 
nector. 

The pressure switch is incorporated into the filter base. It’s used to indi- 
cate filter blockage. The pressure differential valvue is set at 14 inches of 
mercury (Hg) + 2 inches. 


Water in the fuel and the Model 80 system 

If water is inadvertently pumped into your fuel tank along with diesel 
fuel, the water separation system in the fuel filter will remove most of it. 
A low-pressure sensor will activate the water-in-fuel light in the instrument 
cluster if the water accumulates in the fuel filter and plugs it up (the light 
also comes on when you start the engine to let you know the bulb is work- 
ing — if it doesn't come on, check the fuse and the bulb). 


Using the Model 83 water-in-fuel light to pinpoint a 
specific problem 
1 Ifthe water-in-fuel light comes on intermittently, drain the water from 
the fuel tank. 
2 Ifthe light stays on when the engine is running: 
a) And the temperature is above freezing, drain the fuel filter immedi- 
ately. If no water comes out, and the light stays on, replace the filter. 
b) And the temperature is below freezing, drain the fuel filter immedi- 
ately. If no water comes out, it may be frozen. Open the air bleed 
to check for fuel pressure. If there's no fuel pressure, replace the 
filter. 
3 Ifthe light comes on at high speed, or during heavy acceleration, the 
fuel filter is plugged. Replace it. 
4 ifthe light stays on continuously, the engine stalls and it won't restart: 
a) After initial start-up, the fuel filter or fuel lines may have become 
plugged. Inspect the system. 
b) Large amounts of water may have been pumped into the tank dur- 
ing refueling. Purge the fuel tank. 


Checking and replacing the vacuum sensor 

When the water-in-fuel light indicates a problem, follow the diagnostic 
procedure outlined above. If this procedure fails to locate the problem and 
the light remains on, the fault may be in one of the electrical sensors for 
the fuel filter/water separator assembly. To determine which sensor is 
faulty: 
1 Disconnect the vacuum sensor (the vacuum sensor has two wire 
leads with a black connector; the water-in-fuel sensor has four wire leads 
with a black connector; the fuel heater has two wire leads with a white con- 
nector). 
2 Ifthe indicator light goes off, the vacuum sensor is probably defective. 
Replace it as follows. 
3 Obtain a new vacuum sensor and connect it to the wire leads. The 
light should remain off. If it remains off, the new sensor hasn't been dam- 
aged during shipment, i.e. it's functioning properly. 
4 Drain the fuel filter/water separator assembly into a container in ac- 
cordance with the instructions in your owner's manual. 
5  Disconnectand remove the entire fuel filter/water separator from the 
vehicle (see below). 
6 Separate the filter/separator from the adapter (see illustration). 
7 Using a small screwdriver, pry the vacuum sensor retaining clip from 
the adapter. Make sure you don't damage the bore; prying up on the clip at 
the protective tab for the wire lead will score the bore the least. 
8 Remove the vacuum sensor by pulling up on the sensor wire leads 
and simultaneously prying under the sensor opposite the leads with a 
small screwdriver. 
9 After removing the sensor, check the bore by running your finger 
around the inside of the bore. Look for sharp edges or raised metal burrs 
caused by removal of the retaining clip. 
10 Ifyoufindany burrs or scratches in the bore, use afine (300) gritpaper 
or round stone to remove them. This prevents harm to the sensor O-ring 
seal during installation. Make sure you prevent debris from entering the 
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2.53 Exploded view of the Stanadyne Model 80 
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hole at the bottom of the bore while deburring it. Caution: Do NOT sand or 
scratch the lower machined sealing surface for the O-ring. 

11 Using a lint-free shop rag and solvent, wipe off any debris from the 
bore area that may have been generated during the deburring process, 
then blow off the area with compressed air. 

12 Using a knife blade or screwdriver to pry the clip upward off the wire 
lead area, remove the sensor retaining clip from the new sensor. 

13 Applyaliberalamountof vaseline, grease or STP tothe sensor O-ring 
seal and apply a small amount of lubricant to the base of the sensor bore. 
14 To prevent cutting of the O-ring seal, insert the sensor into the bore at 
anangle with the wire lead portion inserted first. Insert the new sensor (mi- 
nus the retaining clip) into the base — use finger pressure until it's seated, 
or nearly seated in the bottom of the bore. 

15 Make sure the cellular air filter is in place atop the sensor, then place 
the sensor retaining clip in position with the protective tab over the wire 
lead. Holding the retaining clip is position with one finger placed at the cen- 
ter of the clip, work the retaining into place by forcing each tab downward 
uniformly and in small increments using a screwdriver. The retainer will be 
in proper position when no further downward movementis felt and the top 
ofthe retainer is approximately flush with the lip of the bore. Note: The cur- 
rent versions of the vacuum sensor have a rubber button at the center of 
the retaining clip. This button should be in place prior to installation of the 
sensor retaining clip to the base and prior to installation of the filter/separa- 
tor element. 

16 Install the filter/separator element on the base assembly. 

17 Install the fuel filter/water separator assembly оп the vehicle (see 
above). Connect all electrical leads and the fuel inlet line, but leave the fuel 
outlet line (smaller) disconnected. 

18 Open the air bleed port and attach a 1/8-inch hose to the port. 

19 Disconnect the wire from the fuel injection pump shut-off solenoid. 
20 Crank the engine for 10 to 15 seconds, then wait one minute for the 
starter motor to cool. Repeat this procedure until clear fuel comes out the 
air bleed. 

21 Closetheairbleed andremovethe hose. Reattach the injection pump 
solenoid wire. Install the fuel tank filler cap (if removed), start the engine 
and allow it to idle for five minutes. Check the fuel filter for leaks. 


Checking the vacuum switch and water sensor 

Note: The vacuum switch was removed in 1990 on the C/K model. 

t If the WIF light is lit while the engine is running, shut off the engine, 
open the drain plug located at the bottom of the filter base and open the 


vent plug at the top of the base. Drain the fuel into a suitable container until 
clear fuel is detected. 

2 Close the drain and vent plugs and start the engine. The WIF light 
should go off. 

3 Ifthe WIF light remains on with the engine running, shut off the engine 
and disconnect the vacuum switch terminal. 

4 ifthe WIF light goes out, the vacuum switch is faulty. Replace it. 

5 If the WIF light remains lit, disconnect the water sensor terminal. 

6 ifthe WIF light now goes out, the water sensor is faulty. Replace it. 
7 Тһе vacuum switch is normally open; it closes when a vacuum is 
applied. 

8 All components of the Model 80 system must be installed to perform 
the vacuum switch test. 

9 Plug off the inlet. 

10 Hook up an ohmmeter to the vacuum switch terminals. 

11 Connect a hand-operated vacuum pump to the fuel outlet connector. 
12 Draw a vacuum of 10-inches Hg —the vacuum switch should still be 
open (no continuity reading on the meter). 

13 Slowly increase vacuum to 18-inches Hg; the switch should close 
(continuity reading on meter). Ifthe vacuum switch fails this test, replace it. 


Replacing the vacuum switch 

1 Remove the filter/separator element from the adapter (see illustra- 
tion 2.53). 

2 Place the base assembly flat on the workbench and pry the vacuum 
switch retaining clip from the base with a small screwdriver. Be careful — 
don't damage the bore. Initially prying the clip upward at the wire lead pro- 
tective tab will cause the least amount of scoring to the base bore (see il- 
lustration). 

3 Remove the vacuum switch by pulling up on the wire leads and by si- 
multaneously prying under the switch opposite the leads, using a small 
screwdriver (see illustration). 

4 After the switch is removed, check the bore by running your finger 
aroundthe inside of the bore and visually inspect for sharp edges or raised 
metal burrs caused by removal of the retaining clip. 

5 if burrs are present, prevent harm to the switch O-ring seal during in- 
stallation by using a fine (300) grit paper or round stone to remove any 
sharp metal burrs or scratches in the bore. 

6 Using a lint-free cloth and solvent, wipe off any debris from the bore 
area that may have been generated during the deburring process, then 
blow off the area with compressed air. 
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2.54 Place the base assembly flat on a workbench and 
pry the vacuum switch retaining clip from the base with 
а small screwdriver – initially prying the clip up al the 
wire lead protective tab will score the base bore the least 


2.55 Using m small screwdriver, remove the vacuum switch 
by pulling up on the wire leads and by simultaneously 
prying under the switch opposite the leads 


2.56 To prevent cutting the O-ring seal, angle the new 
vacuum switch into the bore, the edge with the wire lead first 


2.57 Remove the two вокеие holding the water sensor 
to the base 


7  Pry off the retaining clip from the new switch with a knife blade or 
screwdriver (pry the clip upward at the wire lead area). 

8 Apply aliberal amount of vaseline, grease or STP to the switch O-ring 
seal and apply a small amount of lubricant to the base switch bore. 

9 Toprevent cutting the O-ring seal, insert the new switch — without the 
retaining clip — into the bore at an angle, inserting the wire lead portion first 
(see illustration). Use finger pressure until the switch is seated in the bot- 
tom of the bore. Note: Current versions of the vacuum switch have a rub- 
ber button at the center of the retaining clip. This button should be in place 
priorto installation ofthe switch retaining clip to the base and priorto instal- 
lation of the filter/separator element. 

10 Make sure the cellular air filter is in place on top of the switch, then 
placethe retaining clip in position with the protective tab overthe wire lead. 
Place the vacuum switch installation tool (27752) on top of the retaining 
ring tabs; make sure the cutout portion of the tool is in line with the lead 
wires. Press it into place slowly and uniformly. 


Replacing the water sensor 

1  Removethe two screws holding the sensor to the base (see illustra- 
tion). 

2 Connect the sensor to a variable voltage source and indicator light 
(see illustration). 

3 Switch on the variable voltage source and adjust it to 12-volts DC. 
4 Close the switch in lead C (sensor tip not grounded). The indicator 
light should come on for about 10 to 15 seconds. If it doesn't, replace the 
sensor. 

5 With the switch lead still closed in lead C, ground the sensor tip. The 


light should come on. If it doesn't, replace the sensor. 

6 Installation is the reverse of removal. Be sure to use two new sensor 
hold down screws. If you're using the old base, tighten the screws to about 
10 or 15 ft-lbs; if you're using a new base, initially tighten the screws to 
about 20 or 25 ft-Ibs, then loosen them and retorque them to 10 or 15 ft-Ibs. 


Fixing a blinking WIF light (1984 C, K, G and P models 
with 6.2L engine) 

A blinking instrument panel light can be isolated to the WIF sensor or 
the vacuum sensor by disconnecting the sensor connectors one at a time 
and operating the engine. If the WIF sensor is causing the light to blink or 
come on after water has been drained from the filter, install a three-wire 
sensor (C, K part number 15588775; G, P part number 15588774) to recti- 
fy the condition. 


Draining water from the Model 80 fuel filter 

The multifunction filter is mounted on the firewall. To drain water from 
the filter: 
1 Remove the fuel tank filler cap. 
2 Placeacontainer below the filter drain hose (located below the filter). 
3 With the engine off, open the water drain valve two to three turns. 
Note: G and P models have a remote-mounted water drain valve near the 
water outlet (see illustration). 
4 Startthe engine andallowitto idle for one to two minutes, or until you 
note clear fuel flowing from the drain valve. 
5 Stop the engine and close the water drain valve. 
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2.58 Hook ир the water sensor їо a 12-volt battery, switch an the voltage, close the switch in lead C (sensor 
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2.59 Location of the remote fuel filter water drain components (G and P models with 6.2L engines) 


6 install the fuel tank filler cap. 

If the Water-In-Fuel light comes on again after you've driven a short 
distance, or if the engine runs roughly or stalls, a large amount of water 
has probably been pumped into the fuel tank. Purge the tank. 


Purging the fuel tank 
Warning: Diesel fuel isn't as volatile as gasoline, but it is flammable, so 
take extra precautions when you work on any part of the fuel system. Don't 
smoke or allow open flames or bare light bulbs near the work area. And 
don't work in a garage where a natural gas-type appliance (such as a wa- 
ter heater or clothes dryer) with a pilot light is present. Finally, when you 
perform any kind of work on the fuel system, wear safety glasses and have 
a Class B type fire extinguisher on hand. If you spill any fuel on your skin, 
rinse it off immediately with soap and water. 

We recommend having the tank purged by an authorized dealer, but 
if you wish to do it yourself, here's how : 
1 Park the vehicle on level ground. The fuel tank sending unit/pick-up is 
in the approximate center of the tank. 
2 Place a large container under the filter drain hose. Open the drain 
about three or four turns. 
3  Disconnect the fuel return hose at the injection pump. 
4  Withthefueltank cap properly installed, apply low-pressure air (3to 5 
psi maximum) through the fuel return hose. The fuel tank cap is designed 
to retain 3 to 5 psi pressure, allowing water to be forced out of the fuel tank 
via the filter drain hose. 
5 Continue to drain until only clear fuel comes out. 
6 Close the drain valve tightly. Reinstall the fuel return hose. 


Removing and installing the Model B0 fuel filter 

1 To prevent fuel from spilling, open both the air bleed and the water 
drain valve, and drain the filter into a suitable container. 

2 Remove the fuel tank filler cap to release any pressure or vacuum in 
the tank. 


2.60 To remove the Model 80 filter/separator element, 
pop loose the bailing wires with a screwdriver 


3  Poploose both bail wires with a screwdriver (see illustration). 

4 Remove the filter. 

5 Clean any dirt off the fuel port sealing surface of the filter adapter and 
the new filter. 

6 Install the new filter and lock it in place with the bail wires. 

7 Close the water drain valve and open the air bleed. Connect a 
1/8-inch I.D. hose to the air-bleed port and place the other end into a suit- 
able container. 
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2.61 To remove the Model DO fuel heater element, grasp 
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2.62 Location of the Model HO fuel filter (C/K models 
with 6.2L engines) 
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2.63 Location of the Model 80 fuel filter (G or P 
models with 6.2L engines) 


8 Disconnect the fuel injection pump shut-off solenoid wire. 

9 Crank the engine for 10 to 15 seconds, then wait one minute for the 
starter motor to cool. Repeat this process until you see clear fuel coming 
from the air bleed. 

10 Close the air bleed, reconnect the injection pump solenoid wire and 
replace the fuel tank cap. 

11 Start the engine and allow it to idle for five minutes. 

12 Check the fuel filter for leaks. 


Checking and replacing the Model 80 fuel heater 

1  Tocheck the heater, hook up an ammeter in series. Checking must 
take place below 20-degrees F ambient temperature. If the heater is oper- 
ating properly, it should draw about 8.6 amps. If itisn't, remove it and test it 
again. 

2 Remove the vent plug. 

3 Grasp the heater with a pair of slip-joint pliers (see illustration), twist 
it counterclockwise and pull straight up and out of the adapter. Don’t un- 
plug the electrical connector — it must be connected for the next test. 

4 Turn the ignition key to the On position. 

5 Hold the heater by its lead wires and spray the heater head (in the 
area above the O-ring seal) with Freon or some other type of quick-freeze 
aerosol (be sure to wear eye protection and don't get any on your skin) until 
the heater element begins to give off a vapor from the heated fuel. This 
confirms that the heater switch has closed and the element is heating. 


Caution: Do NOT allow the heater to remain on for longer than 30 sec- 
onds, or you may damage the heater element. Turn the key off or unplug 
the electrical connector. 

6 If the heater element still doesn't heat, unplug the connector, discard 
the faulty element and replace it. 

7 Installation is the reverse of removal. Be sure to lubricate the O-ring 
seal and position the flat opposite the vent plug hole by rotating the heater 
counterclockwise only. 


Removing and installing the Model 60 fuel filter 
and base assembly 
The Model 80 fuel filter and base assembly is mounted on the firewall 
of C/K models (see illustration). It's mounted on the rear of the intake 
manifold on G or P models (see illustration). To replace it: 
1 Remove the air vent plug located at the top of the filter base. 
2  OnC/Kmodels, loosen the drain plug and drain the fuel from the filter. 
On G and P models, open the remote drain valve to drain the filter. 
3  Disconnect the fuel hoses and unplug the electrical connectors. 
4 Remove the assembly from the vehicle. 
5 Installation is the reverse of removal. 


Model 80 fuel filter seal leaks 

Fuel and/or air can leak past the drain and/or vent seal(s) in the base 
of Model 80 fuel filters with part numbers 14071933 (C, K models) and 
14071064 (G, P models). A new style seal (part number 15529641) — 
which has a slightly smaller outside diameter, enabling it to bottom in the 
bore and seal properly — eliminates this problem. Replace the leaky 
seal(s) with the new style sealif you note either of the following symptoms: 

a) External fuel leakage from the vent or drain plugs. 

b) Engine starts normally, then stalls, then is difficult to start. 


Replacing the Model 80 fuel filter seal 

1 Remove the fuel filter assembly from the vehicle (see above). 

2  Unclip and remove the filter/separator from the base. 

3  Bendapaperclipas shown into a seal removal tool (see illustration). 
4  Usingyourspecialsealremovaitool, remove the air vent and (if appli- 
cable) drain plug seal from the filter base. 

5  Visually inspect the bore(s) for evidence of seal particles. If particles 
are present, blow compressed air into the filter base outlet to remove 
them. 

6  Useashortlength of 1/4-inch bar stock to install the new seals in the 
base. Apply a small amount of Synkut lubricant (or equivalent, such as 
STP) to one end of the rod, attach a new seal to the end of the rod, insert 
the seal into the air vent plug bore until it seats firmly in the bottom of the 
bore and visually inspect the seal to ensure it's squarely bottomed in the 
bore. Install the air vent plug. 
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2.64 To remove the seal from the Model 80 fuel filter, you'll need to fabricate m seal removal tool from a paper clip 
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2.65 There ere two styles of drain plugs used an Model Bil fuel filters: The earlier style has а conical end and uses a 
separate seal at the base of the plug bore; the later style plug has a flat end and a rubber-like seal attached to the 
end of the plug (this is the one used on all current models) 
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Water bleed plug 

2  Sealattached to end 
of flat-tipped plug 

3  Washer-type seal used 

on conical plugs 


7 Repeat the above procedure to install a new seal in the drain plug 
bore, but don'tinstall the drain plug. Two styles of drain plugs (see illustra- 
tion) have been used on the Model 80 filter. The earlier style has a conical 
end and uses a separate seal at the base of the plug bore. The later style 
plug has a flat end and a rubber-like seal attached to the end of the plug. 
The newer plug is the only one used on current models. If you replace the 
flat-end plug with a conical plug, measure the length of the boss of the 
threaded plug hole. If the boss is 1/4-inch long, install the drain plug with- 
out modification and tighten it until it bottoms; if it's 1/8-inch long, add a 
plain washer (GM part number 561890) to the drain plug, then thread the 
plug until it bottoms (the drain plug washer prevents you from overtighten- 
ing the drain plug and damaging the seal). 

9 Attach the element to the base. 

10 Using a maximum of 10 psi, pressure-check the filter assembly with 
compressedair by plugging the fuel inlet, outlet and drain outlet (if applica- 
ble). Open and close the air vent and drain plug (if equipped) several times 
to verify that the valves are sealing. 

11 Reinstall the filter assembly. 


High-pressure system — general information 

The heart of GM's 5.7L and 6.2L diesel engines is the high-pressure 
system which delivers fuel to the combustion chambers. The high-pres- 
sure system (see illustration) consists of the injection pump, the injection 
nozzles and the metal lines between the pump and the nozzles. The high 
pressure system sounds pretty simple in principle, but in fact it's anything 
but simple. 

The high-pressure system performs many functions, many more than 
a carburetor or fuel-injection system on a gasoline powered vehicle. Not 


only must it meter — in accordance with the load and speed of the engine 
—the quantity of fuel required for each cycle of the engine, but it must also 
develop the high pressure necessary to inject fuel into each cylinder at a 
precisely determined instant in its operating cycle (firing order). And it 
must control the rate at which the fuel is injected, atomize and distribute 
thefuelthroughoutthe combustion chamber, and start and end each injec- 
tion cycle abruptly. Obviously, the high pressure systemis fairly complex. 

To inject fuel into an engine with a compression ratio as high as 22.5:1 
(5.7L), or 21.5:1 (6.2L), the injection pump must operate at very high pres- 
sure. The Stanadyne DB2 pump used on GM diesels has an operating 
pressure of about 1800 psi, and can produce up to 5000 peak psi. 

Fuel metering must be absolutely accurate. The same amount of fuel 
mustbe deliveredto each cylinderfor each power stroke; should the quan- 
tity of fuel vary from cylinder-to-cylinder, the power produced in each cylin- 
der will vary, and the engine will run roughly. The quantity of fuel injected 
must be varied in accordance with the load on the engine and its speed. 

Fuel must be injected at just the right moment. If fuel is injected too ear- 
ly, the piston will not yet have reached top dead center, compression won't 
yethave reached its maximum, the temperature will still be low and ignition 
will be delayed; if the fuel is late, the piston will be past top dead center, 
compression will have passed its maximum, the temperature will be going 
down and the burning fuel won't have time to reach its maximum expan- 
Sion. In either case, a loss of power is the result. Injection must therefore 
begin instantly, continue for the prescribed time, then cease instantly. 

Fuelisn'tinjected in one single spurt, but continues for a precise period 
of time. If the fuel is injected too quickly, the effect is similar to early injec- 
tion; if the fuel is injected too slowly, and continues for too long a period 
of time, the effect is similar to late injection. The injection rate varies with 
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2.67 Details of Stanadyne Roosa-Master DB2 injection pump 
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2.66 Schematic of a typical GM diesel 
high-pressure system 


different engines and is affected largely by the type and contour of the 
combustion chambers, the engine speed and the fuel characteristics. 

Fuelis spurted into the combustion chamber as a spray. How well the 
fuel atomizes is determined by the shape of the combustion chamber and 
the spray pattern itself. Good atomization increases the surface area of 
the fuel which is exposed to the oxygen of the air, and produces better 
combustion and power. 

To prevent all the droplets of sprayed fuel from igniting at once, the 
spray pattern is usually formed of some fine droplets to start ignition, and 
larger droplets for further combustion. The ratio of fine to large droplets 
is determined mainly by the diameter and shape of the nozzle orifice, injec- 
tion pressure and the density of the air into which the fuel is injected. 


Stanadyne Roosa-Master DE2 injection pump 

Both GM diesel engines use a Stanadyne Roosa-Master DB2 distri- 
butor-type injection pump (see illustration) located in the valley between 
the cylinder banks on both engines. 

The DB2 is a rotary type pump, gear-driven by the camshaft on both 
engines. However, the means by which the pump driven gear meshes with 
the cam drive gear are different: On 5.7L engines, the pump driveshaft, 
which faces forward, is angled downward toward the front of the cam; a 
spiral bevel gear on the end of the driveshaft meshes with another spiral 
bevel gear on the front of the cam. On 6.2L engines, the pump driveshaft 
also faces forward, butit's level. On the end of the driveshaft, a straight-cut 
gear meshes with another straight-cut gear on the front end of the cam- 
shaft. 

Unlike many older pump designs, which employ a separate pumping 
element for each engine cylinder, the DB2 employs one pump barrel and 
plunger to supply all cylinders; because of its compact size, this design 
lends itself to the limited space available between the intake manifold and 
the “valley” (the space between the cylinder heads) of a V8 engine. 

There isn't a lot you can service on the DB2 at home. Most repairs re- 
quire the use of sophisticated calibration equipment, expensive tools and 
specialized training. Testing the electric solenoid pull-in voltage, housing 
pressure cold advance, face cam positioning, the mini-max governor, re- 
turn fuel volume and automatic advance must be carried out by an autho- 
rized Roosa-Master technician. 

DO NOT ATTEMPT TO REPAIR THE INJECTION PUMP! Leaking 
seals and a worn out governor-weight retaining ring are the most common 
problems associated with the DB2, so we'll show you howtotestthe hous- 
ing pressure and the governor-weight retaining ring, but leave servicing 
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2.69 Cutaway of the Roosa-Master 
pencil-type nozzle 
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to an authorized Stanadyne Roosa-Master repair facility. The number of 
special tools and skills required to service the pump make home repair a 
difficult- and expensive — proposition. And because ofthe Federally-man- 
dated extended warranty offered by GM on emissions-related compo- 
nents, it just doesn't make sense to repair it yourself. 


High-pressure lines 

Eight metal lines (see illustration) carry the pressurized fuel from the 
pump to the injection nozzles. These lines must be of equal length and in- 
side diameter to prevent uneven injection timing. For example, most lines 
are 26 inches in length, but their inside diameters vary, according to year 
of production: 1978 and 1980 lines have an 1.0. of approximately 
.073-inch; 1981 lines have an 1.0. of .075-inch; 1982 through 1984 lines 
have an I.D. of .078-inch; and so on. If you have to replace some of the 
high pressure lines, make sure you buy lines of the same length and I.D. 
as the lines alreadyon your engine. These dimensions are absolutely es- 
sential for proper engine timing: If one line is longer or shorter than the oth- 
ers, the cylinder fed by that line will fire out of time. 

Only a small amount of fuel is forced into each line during each injec- 
tion. Each tiny pulse of fuel pushes the fuel already in the line toward its 
respective nozzle, forcing a small amount of fuel at the other end of the 
line through the spring-loaded nozzle and into the combustion chamber. 
The nozzle restricts the fuel and acts as a shut-off valve governed by its 
opening pressure. As it slams shut at the end of each injection pulse, the 
already highly pressurized fuel is compressed a little more; depending on 
the volume inside the line, a little more or a little less compression occurs 


inside the line. The larger the volume in the line, the less the pressuriza- 
tion, reducing the volume of fuel which passes through the nozzle in a 
measured time period. The line also expands slightly when subjected to 
high pressure. The larger the inside diameter of the line, the larger the ex- 
pansion and, consequently, the less fuel injected. Again, uneven delivery 
of fuel can result in a loss of power and/or poor running. 


Pencil-type nozzles 

Two different types of nozzles are used — the pencil-type and the pop- 
pet-type. All 1978 and 1979 models, and some 1980 and 1981 models, 
use a pencil-type nozzle (see illustration). The nozzle body consists of 
the inlet fitting, the tip and the valve guide. An edge filter, which is located 
in the inlet fitting, is a final screen for catching debris which may have en- 
tered the line when the system was last opened. The inward opening valve 
is spring-loaded. The amount of pressure required to open it is controlled 
by the lift and pressure-adjusting screws, both of which are secured by 
locknuts. Caution: These adjustments are extremely critical – they can 
only be adjusted on a flow meter. Do not attempt to adjust these screws 
at home. 

А nylon seal beneath the inlet banjo fitting prevents leakage of engine 
compression, and a Teflon carbon dam prevents carbon accumulation in 
the bore in the cylinder head for the nozzle. Between injections, positive 
sealing is maintained by the interference angle between the valve and its 
seal. During injection, a small amount of fuel leaks through the clearance 
between the nozzle and its guide, lubricating and cooling all moving parts. 
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2.70 If you mix up the fittings for ferrule-type and 
flare-type nozzle connectors, & bad leak and damaged 
parts will result 


2.72 Exploded view of the air crossover assembly (5.7L engine) 


The fuel flows through a leak-off boot at the top of the nozzle body and 
returns to the fuel tank. 

You can buy replacement pencil-type nozzles from an authorized GM 
dealer, or you can obtain them directly from Stanadyne. Make sure you 
get the right nozzles! Most applications call for the nozzle with two 
.017-inch diameter holes. However, GM models sold in California have 
three .014-inch holes; the two-hole type don't conform to California's more 
stringent emission control requirements. 

Fuel return lines return unused fuel to the fuel tank. Keep these return 
lines open and unobstructed at all times. If you remove the plastic nozzle 
return line connectors from the nozzles during servicing, make sure you 
align the connectors with the holes in the return lines when you reinstall 
them. 


Flare-type connectors for pencil-type nozzles 

Beginning in November, 1978, all 5.7L diesel engines, except those 
produced for high altitude service, were equipped with a "flare" type con- 
nection (see illustration). Make sure you don't accidentally interchange 
the two types of pencil nozzles and/or their respective high pressure lines. 
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2.71 Cutaway of the poppet-type nozzle, or micro-jector 


If you do, a severe leak — and permanent damage to the parts — could 
occur. Refer to the accompanying nozzle application chart when buying 
lines and/or nozzles. 


Poppet nozzles ; 

. Poppet nozzles, or micro-jectors, are used in all other GM diesel en- 
gines coveredinthis chapter. The poppet nozzle (seeillustration) is simi- 
lar in principle to а gasoline fuel injector, but it's been modified for the 
indirect-injection design of GM diesels. But unlike a conventional fuel in- 
jector, which sprays fuel into the intake port, the poppet nozzle sprays fuel 
into a precombustion chamber. And a regular fuel injector is pressed into 
the head and sealed with one or two nylon or plastic sealing rings, while 
a poppet nozzle is screwed directly into the cylinder head to prevent com- 
bustion leaks. 

As fuel is injected from the poppet nozzle, it's swirled just before it 
passes around the head of the valve, producing a high-velocity, narrow- 
cone, atomized spray which prmotes more efficient combustion in the pre- 
chamber. The nozzle assembly is a precisely-machined assembly, 
matched and preset at the factory, and isn't serviceable. 

Do not disassemble poppet nozzles! They're assembled to precise tol- 
erances and won't work properly once you've taken them apart. When you 
replace worn nozzles, make sure you get the correct units for your engine. 
Though they may look identical, poppet nozzles are not interchangeable. 
Forinstance, nozzles for V6 engines in passenger vehicles look absolute- 
ly identical to the nozzles used in V8s, but they have a lower opening pres- 
sure than those used on V8s. 

Another example: The nozzles employed on 1984 and later vehicles 
have a "semi-guided" valve pintle. The diameter of the mid-way slotted 
guide has been reduced to minimize carbon formation around the pintle 
area. The extra clearance causes the pintle to oscillate slightly, breaking 
up the carbon. When you go to a GM dealer to buy new nozzles, specify 
the nozzle part number, which is stamped on the side of the nozzle. 


Servicing the fuel lines and nozzles 

Removing and installing the fuel lines 

1 Before starting this procedure, clean the lines and fittings thoroughly 
to prevent contamination of the fuel system. 

2 Remove the air cleaner. 

3 Remove the filters and pipes from the valve covers and air crossover 
(5.7L engines) or intake manifold (6.2L engines). 

4 If you're working on a 5.7L engine, remove the air crossover (see il- 
lustration) and cover the intake manifold opening. If you're working on a 


6.2L engine, remove the intake manifold (see the In-vehicle engine repairs 
Section later in this Chapter). 


т 


Chapter 2 GM 5.7L and 6.2L V8 engines 


(USE BACK-UP — $7 
WRENCH ON 6 ¢ 
UPPER INJECTION 

NOZZLE HEX) 


2.73a Mounting details of the injection fuel lines (5.7L engine) 
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2.74 When removing aninjector nozzle, put the wrench 
‘on the big hex 


2.75a lf the injector nozzle is a Diesel Equipment 
Division (DED) unit, you'll have to destroy the staked 
copper washer to remove it 


5 Remove the injection pump line clips (see illustrations). 

6 Clearly label the fuel line(s) at the injection pump then, using a back- 
up wrench, disconnect the line(s) from the pump and the nozzle(s). Plug 
the pump, line(s) and nozzle(s) to prevent contamination of the fuel sys- 
tem. i 

7 Installation is the reverse of removal. Be sure to securely tighten the 
fuel line fittings at the pump and the nozzle(s). 


Removing and installing the injection nozzle(s) 
1 Remove and plug the fuel line(s) (see above). 


2 Remove the nozzle(s) by applying torque to the larger of the two 
hexes (see illustration). 
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2.73b Mounting details of the injection lines (6.2L 
engine) — it's a good idea to label the lines just to make 
sure you reconnect them to the right fittings at the pump 


NO NOTCHES 


NOZZLE 


NOTCHES WASHER 


DIESEL 
EQUIPMENT 
DIVISION 


С.А.У. LUCAS 


2.75b The washer on the Diesel Equipment Division 
(DED) nozzle (left) is staked in place and must be 
destroyed for removal; the compression washer on the 
Lucas C.A.V. nozzle (right) is replaceable — the two 
nozzles are otherwise interchangeable 


3  Ifyou're going to install the old nozzle(s), remove and discard the old 
copper washer and install a new washer. Note: Poppet nozzles used on 
1980and 1981 vehicles were made either by GM's Diesel Equipment Divi- 
sion (DED) or by Lucas C.A. V. Both are similar in design and construction 
andare interchangeable except for one minor difference: The DED nozzle 
compression washer is staked in place and can't be removed without de- _ 
stroying it (see illustration), whereas the Lucas C.A.V. compression 
washer is replaceable (see illustration). Later versions of the poppet 
nozzle are all made by Lucas. 
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PRESSURE ТАР 
PLUG AND SEAL 


2.76 Location of pressure tap plug and seal on the DB2 
injection pump 
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2.77 Location of housing pressure cold 
advance terminal 


GOVERNOR 
WEIGHT 
RETAINER 


2.78 Governor weight retainer ring 


4 |f you’re going to install the old nozzle(s), clean all carbon from the tip 
of the nozzle with a soft brass wire brush. 

5 Expensive specialized equipment is needed for testing injection 
nozzles. If you suspect trouble with any of the nozzles, have them tested 
by a dealer or an authorized Stanadyne Roosa-Master repair facility. 

6 Remove the protective caps from the new nozzle(s). 

7 Make sure the copper washer is installed on the nozzle. 

8 Ifthe old nozzle was a Lucas С.А.У unit, make sure the old copper 
washer isn't sitting on top of the nozzle hole. 

9 Install the new nozzle and washer and tighten the nozzle to 25 ft-lbs 
(make sure you torque the nozzle using the larger hex). 

10 Usingaback-up wrench, connectthe fuel line fittings and tighten to 25 
ft-lbs. 

11 Installation is otherwise the reverse of removal. 


On-vehicle testing of the injection pump 


Pump housing pressure 

1 Remove the air cleaner and (on 5.7L models) the crossover assem- 
bly. Cover the two air intakes to prevent dirt from getting into the pump. 
2  Wipe off the area around the injection pump so dirt won't get in the 
pump. 

3  Removethe pressure tap plug from the pump housing (see illustra- 
tion). 

4  Hookupalow-pressure gauge (Kent-Moore J-28552 or equivalent) to 
the pressure tap hole (depending on the gauge you're using, you may 


needan adapter such as a Kent-Moore J-28526 to attach the gauge to the 
pressure tap hole). 

5 Attach a magnetic tachometer (Kent-Moore J-26925 or J-33300, or 
Snap-On MT-480 or 1480, or equivalent) in accordance with the manufac- 
turer's instructions. i 

6. With the engine running at 1000 rpm, the pump housing pressure 
should be 8 to 12 psi, with no more than a 2 psi fluctuation. 

7 Ifthe pressure is zero, check the operation of the housing pressure 
cold advance as follows: 

a) Unplugthe electrical connector from the housing pressure cold ad- 
vance terminal (see illustration). If the pressure remains at zero, 
removethe injection pump cover and check the operation of the ad- 
vance solenoid. If it’s binding, free up or replace parts as needed. 

b) If the pressure returns to normal when the lead is disconnected, 
check the operation of the temperature switch on the cylinder head 
bolt. 

8 Ifthe pressure is still low, replace the fuel return line connector as- 
sembly, then recheck. If the pressure is too high, the fuel return system 
may be restricted. Remove the fuel return line atthe injection pump, install 
afitting and short piece of hose to allow the return flow to empty into a small 
container. If the fuel return line connector assembly is replaced, check 
and, if necessary, reset the pump timing. 

9 Ifthe pressure is lower than before, correct the restriction in the fuel 
line. 

10 If its still high, replace the fuel return line connector assembly. 

1i Ifitremains too high after replacing the return line connector, remove 
the pump and have it tested and repaired by an authorized Stanadyne 
Roosa-Master repair facility. 

12 Remove the gauge and tachometer. 

13 Install the pressure tap plug. Use a new seal. 

14 install the air crossover and air cleaner assembly. 


Testing the governor-weight retainer ring 

The governor-weight retainer ring is mounted on the governor-weight 
retainer (see illustration). When subjected to water in the fuel, or alcohol 
(an additive in some diesel fuels not recommended by GM), this ring can 
become brittle and break off in small black particles. These particles can 
plug the fuel return check valve. When this happens, the engine will idle 
roughly and might not run at all. 

Stanadyne repair facilities now install an elastomer insert drive (EID) 
in place of the older pellathane ring (which, in turn, replaced the original 
elasticastunit). The new EID unit, which is standard on 1986 and later ve- 
hicles, is the standard replacement part for older pumps, so once it's re- 
placed, the governor shouldn't give you any more trouble. 
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2.79a Install the governor cover at an angle like this 
from the front of the pump 
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2.80 Exploded view of typical ventilation system (5.7L engine) 


To check for a governor ring failure: 
1 Remove the air cleaner and (on 5.7L engines) the crossover assem- 
bly (see illustration 2.72). 
2  Coverthe air intakes. 
3  Wipe off any dirt from around the pump. 
4  Disconnect the fuel return line at the top of the pump. 
5 Unplug the electrical connectors from the pump. 
6 Remove the three screws holding the governor cover and lift off the 
cover. 
7 Using ascrewdriver, rotate the governor-weight retainer in both direc- 
tions. It shouldn’t move more than 1/16-inch in either direction, and it 
should return to its original position. 
8 Ifthe ring is within these limits, it's still got some service life left. 
9 Ifthe ring moves more than 1/16-inchin either direction, or if it doesn't 
return, ithas failed. Remove the pump and have a newring installed by an 
authorized Stanadyne repair facility. Caution: /f you're going to drive the 
vehicle to a dealer to have the pump removed, inspect the fuel return 
check valve and the inside of the pump housing for signs of the small black 
particles from the disintegrating ring and remove them before installing the 
governor cover. 
10 Instali the governor cover (see illustrations). Tighten the cover 
screws to 35 to 45 in-Ibs. 
11 Testthe fuel cutoff solenoid with a 12-volt power source. You should 
hear a click when the connector is powered up — this indicates the gover- 
nor cover is installed correctly. Caution: /f you don't perform this check, 
you won't know if the metering valve is jammed open, which will cause the 
engine to run wide open (full throttle) when started. 
12 Connect the fuel return line and solenoid wire. 
13 Install the air crossover and air cleaner assembly. 


2.79b Exploded view of governor cover assembly 
(5.7L shown, 6.2L similar) 


Governor cover screw 


1 6 Nut 

2 Terminal contact nut 7 Terminal insulating washer 
3  Lockwashers 8 Cover 

4 Plain washers 9 Gasket 

5 Terminal grounding strap 


2.81 Disconnect the electrical leads and vacuum hoses (arrows) 
from the injection pump (5.7L engine) 


Injection pump — removal and installation 

Once you've determined that the injection pump has a bad governor 
ring, or the driveshaft or hydraulic seals are leaking (or that perhaps 
there's a more serious problem) you'll have to remove the pump and have 
it serviced by an authorized Stanadyne Roosa-Master repair facility. 


Removal (5.7L engines) 

1 Remove the air cleaner. Disconnect the cables from the negative ter- 
minals of the batteries. 

2 Remove the ventilation filters from the valve covers and the pipes 
from the ventilation filters in the air intake crossover (see illustration). 
3 Disconnect all electrical leads and vacuum hoses from the top of the 
injection pump (see illustration). 

4 Remove the air crossover and cover the openings. 
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2.82a Exploded view of a typical throttle linkage assembly 
(5.7L engine) 


5 Disconnect the throttle rod and return spring and remove the bell- 
crank (see illustrations). 

6 Detach the throttle cable from the intake manifold brackets and set it 
aside, away from the engine. 

7  Ifthefuelfilteris mounted on the intake manifold, disconnect the lines 
to the fuel filter, then remove the fuel filter and bracket. 

8 Disconnect the fuel line at the fuel pump. 

9 Disconnect the fuel return line from the top of the injection pump. 
10 Using two wrenches, disconnect the injection pump lines at the 
nozzles. 

11 Using Kent-Moore J-26987, or an equivalent tool, remove the three 
nuts retaining the injection pump. 

12 Remove the pump and cap all open lines and nozzles. 


Installation (5.7L engines) 

Note: Before you install the pump, make sure that the T on the injection 
pump driveshaft is facing up, and that the number one cylinder is at TDC. 
1 Remove all protective caps, then line up the offset tang on the the 
pump driveshaft with the pump driven gear and install the pump. Make 
sure the slotted end of the driveshaft mates with the slot in the injection 
pump drive gear. Push the pump into place by hand until it's fully seated. 
2 Install the three pump mounting nuts and lock washers, but don't 
tighten them yet. 

3 Connect the injection pump lines at the nozzles, then tighten the 
pump mounting nuts to 25 ft-lbs. 

4  Connectthe fuel return lines to the injection pump. 

5  Usinga3/4-inch open end wrench on the boss at the front of the injec- 
tion pump to help you rotate the pump, align the mark on the injection 
pump with the line on the adapter and tighten the nuts to 18 ft-lbs. 

6  Toadjustthe throttle rod: 

a) Remove the transmission vacuum regulator valve. 

b) Loosen the locknut on the throttle rod and shorten the rod several 
turns. 

c) Rotatethe bellcrankto the full throttle stop and lengthen the throttle 
rod until the injection pump lever contacts the injection pump full 
throttle stop. 

d) Release the bellcrank and tighten the throttle rod locknut. 

7 Install the bellcrank and hairpin clip. 

8 Attach the throttle cable to the intake manifold and to the bellcrank. 
9  Connectthe throttle rod and return spring. 

10 Start the engine and check for fuel leaks. 

11 Remove the rags from the intake manifold and install the air cros- 
sover. 

12 installthe pipes in the flow control valve in the crossover and the venti- 
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2.82b Exploded view of a typical throttle return spring 
and throttle cable bracket (5.7L engine) 
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lation filters in the valve covers. 
13 Install the air cleaner. 


Removal (6.2L engines) 

1  Disconnect the cables from the negative terminals of the batteries. 

2 Remove the fan and the fan shroud. 

3 Remove the air cleaner. 

4 Remove the crankcase ventilator tubes. 

5  Loosen the vacuum pump hold-down clamp and rotate the pump in 
order to gain access to the manifold bolts. 

6 Remove the EPR/EGR valve bracket (if equipped). 

7 Remove the rear bracket for the air conditioning compressor (if 
equipped). 

8 Remove the intake manifold bolts (the injection line clips are also re- 
tained by the same bolts). 

9 Remove the intake manifold. 

10 Remove the injection line clips at the loom brackets. 

11 Disconnect the injection lines from the nozzles and cover the nozzles 
with protective caps. 

12 Disconnectthe injection lines from the pump and tag the lines for rein- 
stallation. 

13 Disconnectthe accelerator cable at the injection pump and, if applica- 
ble, disconnect the detent cable (see illustration). 

14 Disconnect all hoses and wires from the injection pump. 

15 Disconnect the fuel feed and return lines from the top of the injection 
pump. 

16 Detach the air conditioning hose retainer bracket (if equipped). Warn- 
ing: Don't disconnect the hoses. 

17 Remove the oil fill tube and the CDRV vent hose assembly. 

18 Remove the grommet. 

19 Scribe or paint an alignment mark on the front cover and injection 
pump flange. 

20 Rotatethe engine to gain access to the driven gear-to-injection pump 
bolts through the oil filler neck hole (see illustration). 

21 Remove the injection pump-to-front cover nuts. 

22 Remove the pump and cap all open lines and nozzles. 


Installation (6.2L engines) 

1 Replace the gasket. 

2 Align the locating pin on the pump hub with the slot in the injection 
pump driven gear, and line up the aligning marks (see illustrations). 

3 Install the injection pump-to-front cover nuts and tighten them to 30 
ft-lbs. Make sure the timing marks are aligned before fully tightening the 
nuts. 

4 Install the drive gear-to-injection pump bolts and tighten the bolts to 
20 ft-Ibs. 

5 Install the oil fill tube and the CDRV vent hose assembly. 

6 install the grommet. 

7 Install the air conditioning hose retainer bracket (if equipped). 

8 Connect the fuel feed line at the injection pump and tighten it to 20 
ft-lbs. Connect the fuel return line to the top of the injection pump. 
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2.84 Rotate the engine to gain access to the driven 
2.83 Installation details of the accelerator cable and detent gear-to-injection pump bolts through the oil filler neck 
cable (if equipped) at injection pump (6.2L engine) (6.2L engine) 
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2.85a Mounting details of the injection pump (6.2) 


DRIVEN GEAR INJECTION PUMP HUB 


2.85b When installing the injection pump, align the 
locating pin on the pump hub with the slot in the 2.85c ...and line up the alignment marks, which may 
injection pump driven gear... be either a pair of lines, like this... 


...Or a zero stamped acrose the mating line between the 
pump flange and the front cover, like this 


2.85d 


9  Connectthe necessary wires and hoses. 
10 Attach the accelerator cable. 

11 Install the intake manifold. 

12 Install the fan shroud and the fan. 

13 Connect the batteries. 


Initial check and adjustment of injection pump 
timing (static timing) 

Beforethe engine will run right, the pump must be properly timed. First, 
time it statically (engine not running), then time it dynamically (engine run- 
ning). If you don't have the equipmentto time the engine dynamically, drive 
the vehicle to a dealer after you've timed the engine statically and have 
it done there. 

One more thing: If the engine has been overhauled, or the pump adapt- 
er was removed during servicing, you'll need a special static timing gauge 
to check and remark initial timing. For 5.7L engines, get a Kent-Moore 
J-26896 static timing gauge; for 6.2L engines, ask for J-33042. 


Static timing (5.7L engines) 

The marks on the top of the injection pump adapter and the flange of 
the injection pump must be aligned. If they’re not, here’s how to do it: 
1 Note whether the marks on the pump flange and the pump adapter 
are aligned. 
2 Loosen the three pump retaining bolts or nuts. 
3 Using a wrench on the boss at the front of the injection pump, rotate 
the pump to the left to advance the timing and to the right to retard it. The 
width of the mark on the adapter is equal to about one degree. Move the 
pump the necessary amount and tighten the bolts or nuts to 18 ft-lbs. 
4 Start the engine and recheck the timing dynamically (see below) — or 
drivethe vehicle straightto a dealer and have it done there. Reset if neces- 
Sary. 
5  Adjustthe throttle linkage, and reset the fast idle and curb idle speeds 
(as described in this Chapter). 


Static timing (6.2L engines) 

1 Note whether the marks on pump flange and the engine front cover 
are aligned. 

2 If they’re not, loosen the three pump retaining nuts. 

3 Using an injection pump adjusting tool (Kent-Moore J-29872, or 
equivalent) to rotate the pump, align the mark on the injection pump with 
the mark on the cover and tighten the nuts to 30 ft-Ibs. Note: A// 1988 and 
later units and all LH6 California applications have a stamped "O" on both 
the engine front cover and the injection pump flange. Align the two semi- 
circles to make a complete "O." This is the static timing mark. 


Dynamic timing 

Measuring the timing of diesel engines when they're running is a little 
more difficult than it is on gasoline engines. There's no spark from an igni- 
tion system to tell you when combustion starts. 

Since you can't use a timing light, you'll need a special kind of timing 
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indicator, such as a Kent-Moore (J-26925 or J-33300) or Snap-On 
(MT-480 or 1480) that employs a magnetic pick-up mounted to the crank- 
shaftvibration damper. The pick-up measures engine speed and degrees 
of crankshaft rotation. A special luminosity probe mounted in one of the 
glow plug holes can "see" the point at which combustion occurs. A micro- 
processor in the timing meter receives the information from the magnetic 
and luminosity probles and converts it into n timing reading on the meter 
(indicated in degrees of crankshaft rotation). 

Because this luminosity probe depends on actual combustion in the 
cylinder, a miss in that cylinder will give an erroneous timing reading. So 
make sure you have corrected any engine malfunction — like a sticking in- 
jector, bent fuel delivery line or other problem — before you attempt to mea- 
sure or adjust the timing. And before you install the probe, make sure it's 
clean — a dirty or sooty probe will retard the timing reading. It will also soot 
up rapidly in в cold engine, so be prepared to remove апа сїеап it if neces- 
sary. 

Diesel timing is also affected by altitude. For example, if the engine tim- 
ing is set at 4-1/2 degrees ATDC in a low-altitude area, the same setting 
would be 5-1/2 degrees ATDC in a high-altitude area, because combus- 
tion occurs later as air density decreases at higher elevations. The rule-of- 
thumb guide is: For engines at high altitude, retard the timing by one 
degree. 

1 Place the transmission in Park, apply the parking brake and block the 
drive wheels. 

2  Startthe engine and warm it to operating temperature. Failure to do 
this will result in incorrect timing readings. 

3 Turn off the engine and remove the air cleaner. 

4 Clean all dirt from the magnetic probe holder and the edge of the 
crankshaft vibration damper. 

5  Lookthrough the end of the luminosity probe — you should be able to 
see through it. If it's dirty, use a toothpick to scrape the carbon and soot 
from the combustion side of the probe. 

6 Installthe magnetic probe into the engine-mounted holder so it lightly 
contacts the crankshaft balancer rim. 

7 Remove the glow plug from the number one cylinder and install the 
luminosity probe. 

8 Onthe Snap-On MT-480 timing meter, set the offset selector to the B 
position (on other models, set the meter in accordance with the manufac- 
turer's instructions). 

9 Connect the timing meter battery leads to the battery. 

10 Startthe engine. Check and, if necessary, adjust the idle speed (see 
below). Note: /fthe idle speed given on the Vehicle Emission Control Infor- 
mation (VECI) label under the hood differs from the specified idle speed, 
go with the specification on the VECI label. 

11 Waitfortheidleto stabilize, then notethe indicated timing. Repeatthis 
procedure until the timing reading is the same at least twice. Compare 
your reading to the VECI label. If the timing is satisfactory, proceed to 
Step 19; if it isn't, go to the next Step. 

12 Shutoff the engine. 

13 Notetherelative position of the mark onthe pump and the mark on the 
pump adapter (5.7L) or engine front cover (6.2L). 

14 Loosen the fasteners holding the pump to the adapter, or front cover, 
enough to allow the pump to be rotated. 

15 To adjust the timing, use a 3/4-inch open end wrench on the boss at 
the front of the injection pump. Rotate the pump to the left to advance the 
timing, or to the right to retard it. The width of the timing mark is equal to 
about one degree. 

16 Tighten the pump mounting fasteners to 18 ft-lbs. 

17 Start the engine and recheck the timing (see Step 11). 

18 Adjust the injection pump throttle rod. 

19 Reset the slow and fast idle. 

20 Shut off the engine. Remove the two probes and install the glow plug. 
Remove the timing meter connections from the battery. 

21 Install the air cleaner and connect the EGR vacuum hose (if so 
equipped). 


Adjusting the idle speed 


GM diesel engines have two idle speed settings — slow and fast. Both 
have to be adjusted in accordance with GM specifications to prevent the 
engine from stalling. If the slow-idle speed is incorrect, the engine will 
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2.86 Attach a carburetor angle gauge adapter 
(Kent-Moore J-26701-15, J-26701-20 or equivalent) to the 
throttle lever, then attach a carburetor angle gauge 
(Kent-Moore J-26701, J-26701-A or equivalent) to the 
adapter (5.7L engine) 


J-26701-15 


2.87 Rotate the throttle lever to the wide open position 
and set the angle gauge to zaru degrees (5.7L) 


start, but will stall when accelerated. If the fast-idle speed is wrong, the en- 
gine will start, but will stall at idle. 

If you've gota 5.7L engine, first adjust the throttle linkage and the vacu- 
um regulator valve before adjusting the idle speed. 


Adjusting the throttle linkage (5.7L engines) 

1 Detach the transmission throttle valve (TV) cable (or detent cable) 
from the throttle assembly and, if equipped, the cruise control servo rod. 
2 Loosen the locknut on the pump rod and shorten it several turns. 

3 Rotate the bellcrank lever assembly to the full throttle position and 
hold it in that position. 

4  Lengthenthe pump rod.until the injection pump lever just contacts the 
full throttle stop. 

5 Release the bellcrank assembly and tighten the pump rod locknut. 
6  Depressandholdthe metallockonthe upper end of the TV (or detent) 
cable. Movethe sliderthrough the fitting inthe direction away fromthe bell- 
crank lever assembly until the slider stops against the metal fitting. Re- 
lease the metal tab. 

7 ~ Installthecruise control servo rod (if equipped) and connectthe trans- 
mission TV (or detent) cable. 

8  Rotate the bellcrank lever assembly to the full throttle stop and re- 
lease the lever assembly. 

9 Adjust the vacuum regulator valve (see below). 


Adjusting the vacuum regulator valve (5.7L engines) 

The injection pump on the 5.7L engine has a vacuum regulator valve 
(VRV) that sends a variable vacuum signal to the transmission, causing 
it to shift at the proper time. After servicing the injection pump, you must 
reinstall this valve and adjust it to provide the correct amount of vacuum 
to the transmission. 

1  Removetheair crossover (see illustration 2.72) and stuff clean, lint- 
free shop rags into the intake manifold openings. 

2  Disconnect the throttle rod from the pump. 

3  Loosen the vacuum regulator valve-to-injection pump mounting 
bolts. 

4 Installa carburetor angle gauge vacuum valve adapter (Kent-Moore 
J-26701-15, J-26701-20 or equivalent) in accordance with the manufac- 
turer's instructions. 

5 Installa carburetor angle gauge (Kent-Moore J-26701, J-26701-A or 
equivalent) on the adapter (see illustration). 

6  Rotate the throttle lever to the wide open position and set the angle 
gauge to zero degrees (see illustration). 

7 Center the bubble level in the gauge. 


2.88 Attach а vacuum Source to port A on the vacuum 
regulator valve (VRV), attach a vacuum gauge to port B, apply 
18 to 24 in-Hg to port A and rotate the VRV until the vacuum 
gauge indicates the proper vacuum (see text) (5.7L engine) 


8 Setthe angle gauge to: 49-degrees (1978 and 1979 models), 50-de- 
grees (1980 models) or 58-degrees (1981 through 1984 models). 

9 Rotate the throttle lever so the bubble is centered. 

10 Attach a vacuum source to port A on the VRV; attach a vacuum gauge 
to port B on the VRV (see illustration). 

11 Apply 18 to 24 in-Hg of vacuum to port A. 

12 Rotate the VRV until the vacuum indicates 8.5 to 9 in-Hg (1978 and 
1979 models), 7 to 8 in-Hg (1980 models), 8.6 to 9.2 in-Hg (1981 models) 
or 10.6 in-Hg (1982 through 1984 models). 

13 Tighten the VRV mounting bolts. 

14 Remove the vacuum source and vacuum gauge. 

15 Connect the throttle rod to the pump throttle lever. 

16 Remove the rags from the intake manifold openings. 

17 Install the air crossover. 


Adjusting the idle speed an 5.7L engines 

Note: Before you adjust the idle speed, check and, if necessary, adjust the 
throttle linkage (see above). If throttle linkage adjustment is necessary, 
you'll also need to adjust the vacuum regulator valve (see above). 

1 Apply the parking brake, place the transmission selector lever in Park 
and block the drive wheels. 
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£58 Location of the slow-idle adjustment screw on the 
injection pump (5.7L engine) 
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2.90 Location of the engine temperature switch an 
1981 through 1983 models 


2 Adjust the throttle linkage and vacuum regulator valve as just de- 
scribed. 

3 Start the engine and allow it to warm up for 10 to 15 minutes. 

4 Shut off the engine and remove the air cleaner assembly. 

5  Cleanthefrontcover probe holder and the rim of the crankshaft vibra- 
tion damper. 

G Insert the magnetic pick-up probe of a diesel timing meter (Kent- 
Moore J-26925, or equivalent) all the way into the probe holder. Connect 
the battery leads, red to positive and black to negative. 

7 Disconnect the two lead connectors at the generator. 

8 Turn off all electrical accessories. 

9 DO NOT TOUCH the steering wheel or the brake pedal during this 
procedure. à 

10 Start the engine and place the transmission selector lever in Drive. 
11 Check the slow-idle speed reading against the one specified on the 
Vehicle Emission Control Information (VECI) label. If necessary, reset the 
slow idle speed. 

12 Toresetthe slow-idle speed, adjust the slow idle screw (see illustra- 
tion) orf the injection pump to 575 rpm. Note: /f the slow-idle speed pro- 
vided on the Vehicle Emission Control Information (VECI) label under the 
hood differs from this figure, go with the specification on the VECI label. 
13 Before checking the fast idle speed: 

a) On 1978 and 1979 models with the slow-glow plug system, unplug 
the A/C compressor clutch 2-pin connector and turn on the A/C. On 
vehicles without A/C, unplug the solenoid connector, connect the 
jumper wires to the solenoid terminals and ground one jumper wire. 
Connect the other jumper to 12 volts and energize it. 

Qn 1979 and 1980 models with the fast-glow plug system, unplug 
the coolant temperature switch connector, at the right rear of the 
intake manifoid. 

On 1981 through 1983 models, unlug the connector from the fast- 
idle cold advance engine temperature switch (see illustration) 
and install a jumper between the connector terminals. Don't let the 
jumper touch ground. 

d) On 1984 models, unplug the electrical connector from the top of the 
TVS and install a jumper between the connector terminals. Don't 
let the jumper touch ground. 

14 Compare the fast-idle speed against the one provided on the VECI 
label. Reset it if necessary. 

15 Toresetthe fast-idle speed, make sure the fast-idle solenoid is ener- 
gized by attaching a jumper wire across the fast-idle temperature switch 
connector terminals. This temperature switch is located in the left rear cor- 
nerofthe intake manifold. It shouldn't be necessary to remove the connec- 
tor from the temperature switch. Advance the throttle momentarily to verify 
that the fast-idle solenoid is fully extended (and check to make sure it's 
energized). Adjust the extended solenoid until the engine is idling at 650 
rpm in Drive gear. Remove the jumper wire. Note: /f the slow idle speed 
provided on the Vehicle Emission Control Information (VECI) label under 
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the hood differs from this figure, go with the specification on the VECI la- 
bel. 
16 After checking the fast idle speed: 

a) On 1978 and 1979 slow-glow plug models with air conditioning, re- 
connect the air conditioning compressor clutch and turn off the air 
conditioning. On models without air conditioning, remove the jump- 
ers from the fast idle solenoid. 

b) On 1979 and 1980 fast-glow plug models, reconnect the coolant 
temperature switch. à 

`с) On 1981 through 1983 models, remove the jumper and reconnect 

it to the temperature switch. 

17 Recheck and reset the slow-idie speed if necessary. 
18 Shut off the engine. Reconnect the lead at the generator (and air con- 
ditioning compressor, if equipped). Disconnect the tachometer. 
19 If the vehicle is equipped with cruise control, adjust the servo throttle 
rod to minimum slack, then put the clip in the first free hole closest to the 
bellcrank or throttle lever, but within the servo bail. 
20 Install the air cleaner assembly and connect the EGR valve hose, if 
equipped. 


Setting the slow-idle speed 

(6.2L engines) 

1 Set the parking brake and block the drive wheels. 

2 Start the engine and let the engine warm up to its normal operating 
temperature. 

S3 Turn off all accessories. 

4  Hookup a Kent-Moore J-26925, a Snap-On MT-480, or any other 
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2.91 Location of the slow-idle adjustment screw un the 
injection pump (6.2L engine) 
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2.92 Vacuum regulator setting procedure (6.2L engines) 


suitable diesel timing meter, in accordance with the manufacturer's 
instructions. 

5 Adjust the slow-idle screw (see illustration) on the fuel injection 
pump to an engine speed of 650 rpm, with the transmission in Neutral or 
Park. Note: /fthe fast-idle speed provided on the Vehicle Emission Control 
Information (VECI) label under the hood differs from this figure, go with the 
specification on the VECI label. 


Setting the fast-idie speed (6.2L engines) 

1 Unplug the connector from the fast-idle solenoid. Use an insulated 
jumper wire from a 12-volt terminal to energize the solenoid. 

2 Open the throttle momentarily to ensure that the fast-idle solenoid 
plunger is energized and fully extended. 

3 Adjust the extended plunger by turning the hex head until the engine 
has a fast-idle speed of 800 rpm in Neutral. Note: /fthe fast-idle speed pro- 
vided on the Vehicle Emission Control Information (VECI) label under the 
hood differs from this figure, go with the specification on the VECI label. 
4  Removethe jumper wire and reattach the electrical connector to the 
fast-idle solenoid. 

5 Remove the tachometer. 


` Adjusting the vacuum regulator valve (6.2L engines) 

1 Attach vacuum regulator valve to fuel injection pump. Valve must be 
free to rotate on pump. 

2 Attach vacuum source to bottom nipple and apply 9.0 to 10.5 in/hg for 
1982 model, 18.5t021.5 in/ng for 1983-86 models, or 18.5t021.5 in/hgfor 
` 1987-91 models. Attach vacuum gauge to top nipple. 

З Insert vacuum regulator valve gage bar (which can be fabricated from 
a piece of stock 0.646 in. thick) between gage boss on injection pump and 
wide open stop screw on throttle lever. 

4  Rotate and hold throttle shaft against gage bar. 

5 Slowly rotate vacuum regulator valve clockwise until vacuum gauge 
reads 5.3 to 5.9 in/hg for 1982 model, 7.4 to 8.6 in/hg for 1983-86 models, 
or 10.9to 12.1 for 1987-91 models. Hold the valve in this position and tight- 
en mounting screws to 4-5 ft/Ibs. Note: The valve must be set while rotat- 
ing valve body in a clockwise direction only. 

6 Check by releasing throttle shaft allowing it to return to idle stop posi- 
tion. Then rotate throttle shaft back against gage bar, if vacuum gauge 
does not read within specifications, reset valve. 


Electrical system 


General information 

The charging system on a diesel engine is virtually identical to the 
charging system on a gasoline engine. The starting system is also similar, 
but there are some important differences. Starting a diesel engine isn't 
quite as easy as starting a gasoline engine. Diesels have higher compres- 
sion ratios, which impose a higher load on the starter motor during starting. 
Yet cranking speeds must be faster because the compression heat need- 
ed to fire a diesel dissipates (heat is lost to the cylinder walls) too quickly 
at the slower cranking speeds of a conventional starter. So, diesel engines 
use two 12-volt batteries connected in parallel, and a heavy-duty, high-tor- 
que starter motor to overcome the higher compression and to crank the 
engine faster. 


Cold weather is a more serious problem. Starting a diesel in cold 
weather is almost impossible without the right cold-weather starting ac- 
cessories. As the temperature drops, battery efficiency is reduced and 
cranking loads become higher. Cold cylinder walls chill the incoming air, 
preventing it from reaching the temperature required for combustion. 

GM diesels use several starting system devices to aid cold starting. A 
fuel heater warms up the fuel to prevent the formation of wax crystals in 
cold weather (see the section on the fuel heater in the low pressure part 
ofthis Chapter). "Glow plugs," low voltage heating elements installed next 
to the injection nozzles, heat the combustion chamber to help the engine 
start. A block heater, located in the center freeze plug of the left or right 
side of the block, also helps the engine to start by maintaining the engine 
coolant and the block at a warm temperature in extremely cold weather. 


Glow plugs — general information 

Just before, during and after start-up, a glow plug (see illustration) 
ineach combustion chamberis energized to preheatthe airinthe combus- 
tion chamber. The period during which the glow plug is energized prior to 
crankingis referred to as "pre-glow." A light on the dash tells you when pre- 
glow is over and the engine can be started. The glow plug also remains 
on for up to a minute after the engine starts to maintain ignition in all cylin- 
ders, improve throttle response and reduce exhaust smoke. This period 
is known as "after-glow." How long the glow plugs remain on depends on 
the coolant temperature and how long it takes the engine to warm up 
enough to run on heat compression alone. As soon as the engine can run 
smoothly on its own, the glow plugs are turned off. 

Three basic types of glow plugs (see illustrations) are used on GM 
engines: 

Slow-glow 12-volt 

Fast-glow 6-volt 

Positive Temperature Coefficient (PTC) 6-volt 

If you have to replace the glow plug(s), make sure you buy the correct 
replacement plug(s) for the system you're servicing. If you install a 12-volt 
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2.93a A typical glow-plug installation (5.7L shown, 
6.2L similar) 
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2.93b How do you know you’ve got the right glow plug 

for your 5.7L engine? Look at the color of the insulator, 
the width of the spade terminal and the plug type 
stamped on the body (clockwise from lower right): 


1 The slow-glow 12-volt plug has a black insulator, 
a 1/4-inch spade terminal and is stamped “7G” 

2 The fast-glow 6-volt plug has a black insulator, 
a 5/16-inch spade terminal and is stamped “8G” 

3 Тһе Positive Temperature Coefficient (PTC) plug has 
a tan insulator, a 1/4-inch spade terminal and is 
stamped “12G” 


slow-glow plug in a 6-volt system, it won't get hot enough to do its job; con- 
versely, if you install a 6-volt fast-glow plug in an early 12-volt system, it will 
quickly burn out and the tip may break off and drop into the prechamber. 


Testing the glow plugs 

Glow-plug system problems are usually at the plug itself. Here's a sim- 
ple way to test each plug and quickly determine its condition: 
1 Unplug the electrical connector from each glow plug. 
2  Hookup one lead of an ohmmeter to the glow plug terminal and the 
other lead to a good ground such as the engine block. Note the indicated 
resistance. 
3  Theresistance of a fast-glow plug is 0.8 ohms; the resistance of an 
older slow-glow plug is 1.8 ohms. 
4 Resistance readings of 1 to 2 ohms for slow-glow plugs, or below 1 
ohm for fast-glow plugs, are acceptable. If the indicated resistance for ei- 
ther type of plug is infinity, or approaching infinity, the pina is failing. Re- 
place it. 
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2.93c All 6.2L glow plugs have а 1/4-inch tang and 
ars stamped "9G" 


Diagnosing the glow-plug system — abasic check 

Six different glow-plug systems (four on the 5.7L engine and two on 
the 6.2L) have been used by GM (see illustration). Many of the problems 
they develop are subtle and can't be tracked down unless you know the 
specific troubleshooting procedure forthe system on your vehicle. Howev- 
er, if your engine refuses to start when it’s cold, there are a few quick tests 
you can use to check out most systems (they won't work on early 12-volt, 
slow-glow, module-control systems). 

Turn the ignition switch to the Run position, then listen closely to the 
glow-plug relay(s) (Most 5.7L systems have two relays; most 6.2L sys- 
tems have one). 


If the relay(s) is/are clicking: 

Note: This test can’t be used on the early 12-volt, slow-glow, module-con- 
trol type system. 

1 Turn off the ignition switch and unplug the electrical connectors from 
all eight glow plugs. 

2 Hook up a self-powered test light between the rear post of the glow- 
plug relay and ground. 

3  Ateach glow plug, touch the harness connector to the glow-plug ter- 
minal. 

a) Ifthetestlight comes on, the glow plug and harness lead are okay. 
Caution: After you have tested each glow plug, set the connector 
aside so you don't accidentally energize one plug while you're test- 
ing the other plugs. 

b) Ifthetestlight doesn't come on, touch the connector to a metal part 
of the engine. 

1) If the test light now comes on, the glow plug is bad. Replace it. 


C TRUCK 
K TRUCK N/A N/A 
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1. Module, Slow Glow (Thermister) 

2. Module, Fast Glow (Control Sensor) 
3. Thermal Controller, Fast Glow 
4. Thermal Controller, Fast Glow 6.2L 
N/A. Diesel Engine Not Available 

*. 1979E had a Wait and Start Lamp 
5. PTC (Positive Temperature Coefficient) 


2.94 Glow-plug system application chart 
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2) If the test light still doesn't come on, the wire to the glow plug 
is bad. Replace it. 

C) If the test light doesn't come on at ANY of the glow plugs, the 
glow plugs aren'tthe problem. The controller or something else 
in the circuit is bad. Further testing is called for. Study the de- 
scription of the system on your engine and, using the accompa- 
nying diagnostic charts (beginning on page 2-54), troubleshoot 
the system. 

If the test light comes on at all of the glow plugs, your starting 
problem isn't in the glow-plug system. It's somewhere else. 


If the relay(s) isn’t/aren’t clicking: 

Further testing is called for. Study the description of the system on your 
engine and, using the accompanying diagnostic charts (beginning on 
page 2-55), troubleshoot the system. 


d 
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Glow-plug systems 

Unfortunately, the above tests don't always solve the problem. Each 
major type of glow-plug system is coordinated and controlled by a net 
work of electrical components — various relays, sensors and modules or 
controllers. Before you can really diagnose a system, you need to know 
the type of system used on your engine. The following comprehensive de- 
scription and troubleshooting sections for each of the major glow-plug sys- 
tems will help you find the more subtle problems that sometimes occur in 
a GM glow-plug system. 

Several different glow plug systems are used on 5.7L engines; 6.2L en- 
gines all use basically the same system. Briefly, these are the principal dif- 
ferent types of systems found on GM vehicles: 

System No. 1: Slow-glow, module-controlled (5.7L engine) 

System No. 2: Fast-glow, module-controlled (5.7L engine) 

System No. 3: Fast-glow, thermal controller (5.7L engine) 

System No. 4 (early): Fast-glow, thermal controller (6.2L engine) 

System No. 4 (later): Fast-glow, electronic controller (6.2L engine) 

System No. 5: Positive Temperature Coefficient (PTC) glow-plug 

(5.7L engine) 

Before trying to track down a problem in the glow-plug system, make 

sure you know which system you've got on your engine and how it works. 


System No. 1: Slow-glow, module-controlled (5.7L models) 
System No. 1 (see illustration) is a 12-volt"slow-glow" system. It was 
'usedon 1978 Oldsmobile 88s and 98s (Series B and C), the 1979 Oldsmo- 
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2.95 System No. 1 шава eight 12-volt, 85-watt slow-glow 
plugs controlled by ат electronic module (1978 Oldsmobile 
HE and 98, 1979 Olds Cutlass and early 1979 Olds 83 and 98) 


bile Cutlass (Series A) and some early production 1979 Oldsmobile 88s 
and 98s (Series B and C). 

System No. 1 sends a steady 12-volt currrent to 12-volt glow plugs, 
which require 30 to 60 seconds to provide sufficient warm-up for starting; 
Wait and Start lights on the dash tell you how long to wait and when to start, 
respectively. The slow-glow system is controlled by the Diesel Electronic 
Control Module (see illustration). 

The slow-glow system needs a constant 12-volt current to the glow 
plugs to reach its normal operating temperature. When you turn the igni- 
tion to “Run,” power is supplied to the Wait light and glow plugs. When the 
plugs reach the proper temperature, the module turns off the Wait light and 
turns on the Start light. If the ignition remains in the "Run" position from 
two to five minutes, the glow plugs and indicator lights are shut off to pre- 
vent battery discharge. 
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2.96 Typical electrical wiring diagram for System No. 1 (slow-glow, module control) 
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2.97 The thermistor in System No. 1 is located at the right 
(passenger's side) front corner of the intake manifold 
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2.98 System No. 2 uses eight 6-volt fast-glow plugs 
controlled by either an electro-mechanical controller 
(shown) or sn electronic module 


Once the engine starts, the Start light goes off, but the glow plugs stay 
on for about the same length of time as the pre-glow period. This is called 
the "after-glow" period. After-glow is needed to maintain enough heat in 
the prechambers to keep the engine running smoothly. During the after- 
glow period, charging voltage is sentto the module; nine or more volts tells 
the module that the engine is running — the charging light then goes off. 

if the engine doesn't start — and the ignition switch is still in the "Run" 
position with the charging light still on — the module starts the entire pro- 
cess over again after a two to four second delay. 

When you turn on the ignition switch, it directs battery current to the 
starter solenoid, the control module and the fuel solenoid. Voltage to the 
module tells the module that the ignition switch has been turned to the 
Start position; voltage to the fuel solenoid starts fuel flowing inside the in- 
jection pump. A two-amp diode in the charging circuit (behind the instru- 
ment cluster) prevents charging-system "feedback" to the fuel solenoid 


when the engine is turned off, which prevents engine run-on. When you 
turn on the ignition switch, two glow-plug relays (mounted on the firewall) 
direct current to the plugs. The Wait and Start lights tell you when to start 
the engine. 

The moduleis an electronic device located under the instrument panel; 
it's usually taped to the main wire harness about eight inches from the fuse 
block. The module has several purposes: 

a) It provides a ground circuit for the Wait and Start lights. 

b) It times how long the Wait light should stay on after receiving the 

signal from the thermistor. 

C) It provides the ground circuit for the glow-plug relays. 

d) Itprovides the timing circuit for the glow-plugs' after-glow period af- 

ter the Wait light goes off. 

e) It provides a ground circuit for the fast-idle solenoid. 

As ageneral rule, never replace the module until you've systematically 
eliminated all other circuits and components as potential problems. 

The thermistor (see illustration) senses engine coolant temperature. 
It's located in the right (passenger's side) front corner of the intake man- 
ifold. The thermistor enables the module to measure the length of the pre- 
glow period and energizes/de-energizes the fast-idle solenoid. 

In summary, glow-plug “on” time is determined by the following se- 
quence (use the accompanying electrical schematic to follow the explana- 
tion): 

a) When the ignition switch is off, no voltage goes to the fuel solenoid, 

which cuts off fuel to the injection pump. 

b) When you turn the switch to the Run position, voltage is directed 
to the fuel solenoid, alternator, both relays, the module, the fast-idle 
solenoid, and the Wait and Start lights. The ground circuit for the 
relays — which turns on the glow-plugs — is supplied through the 
module. The ground circuit which turns on the Wait light and fast- 
idle solenoid is also supplied through the module. Note: On light 
trucks, the Wait light says Don’t Start and the Start light says Glow 
Plugs. 

While the ignition switch is in the Run position, the Wait light goes 
out after a period determined by the engine coolant temperature, 
and the Start light— which is grounded through the module—comes 
on. 

Once the ignition switch is in the Start position, the Start light goes 
out. Voltage from the ignition switch is directed to the starter motor 
and the module, which signals the module that the ignition switch 
has been turned to the Start position. The glow-plugs are still on. 
After the engine has started and the ignition switch is stillin the Run 
position, the Wait and Start lights are off. The glow-plugs remain 
on for the same length of time as it took for the Start light to come 
on. After that period, the module opens the ground circuit for the 
relays, which disables the glow-plugs. 
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System No. 2: Fast-glow, module-controlled (5.7L models) 

System No. 2 (see illustration) is a 6-volt fast-glow system. It was 
used on 1979 through 1983 Oldsmobile Toronados and Trofeos, Buick Ri- 
vieras and Cadillac Eldorados (Series E); some 1979 Oldsmobile 88s and 
98s (Series B and C); 1980 through 1983 Oldsmobile 88s and 98s (Series 
B and C); the 1982 and 1983 Oldsmobile Cutlass (Series A); and the 1980 
through 1983 Chevrolet and GMC van (Series G). 

The fast-glow system sends a pulsing 12-volt current to 6-volt glow 
plugs, which require five to seven seconds to provide sufficient warm-up 
for starting. 1979 models have Wait and Start lights on the dash tell you 
how long to wait and when to start; all other models have only a Wait light. 
Series E, B, C and A models have an electro-mechanical thermal control- 
ler; series G models have a Diesel Electronics Module. 

When you turn the ignition switch to Run, the Wait light goes on and 
the glow plugs are energized. When the engine is cold, the Wait light stays 
on for about six seconds (at 0-degrees F), then goes out, indicating the 
engine is ready to start. There is no Start light used with this system. On 
1980 and 1981 trucks, the Wait light says "Don't start/glow plugs." The 
glow-plugs cycle on and off for about 25 seconds — as many as ten times 
—to provide after-glow once the engine starts. You can tell if the glow-plugs 
are cycling by the way various electrical accessories waiver — the head- 
lights dim, then brighten, then dim; the blower runs fast, then slow, etc. 
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DIESEL GLOW CONTROL MODULE 


2.99a Diesel electronic control module for System No. 2 
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2.100 Mounting details of the glow-plug relay for 
System No. 2 
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к: 2.991 Typical electrical wiring 
т diagram for System No. 2 
(fast-glow, module control) 


These are normal characteristics of a fast-glow system, so don't take 
them as signs that something's wrong with the system. 

If there's a problem somewhere in the system, the Wait light warns you 
by staying on, or coming back on. You can usually still start the engine, 
but the system should be repaired. 

While the ignition switch is in the Run position, the Electronics Module 
(see illustrations) sends a pulsing voltage to the single glow-plug relay 
(see illustration) to maintain the correct glow-plug temperature and pre- 
vent the plugs from overheating and breaking. The control sensor (see il- 
lustration) senses engine coolant temperature and relays this 
information to the module as an electrical signal; this signal tells the mod- 
ule when to turn off the glow-plugs and the Wait light. The module also has 
a circuit to monitor the system for malfunctions, and a circuit which keeps 
the Wait light on if a problem develops somewhere in the system. Cau- 
tion: NEVER bypass the glow-plug relay on a fast-glow system. The relay 
is a heavy-duty design which controls the temperature relationship at the 
glow-plugs. Bypassing the internal circuitry of the relay can damage the 
plugs. 

Let's look at the operation of a typical System No. 2. Follow the accom- 
panying electrical schematic (see illustration 2.99b) (which is for 1980 
and 1981 C model light trucks, but is basically the same on other models). 
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2.101 Control sensor for System No. 2 
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2.102 Typical electrical wiring diagram for the 1979 version of System No. 3 (fast-glow, thermal controller) 


THERMAL 
When you turn the key on: > CONTROLLER 
a) The fue! solenoid, the electronic module, the fast-idle circuit, the 
glow plug relay, the glow-plugs, the temperature sensor circuit, the FRONT OF 
dash light and the charging circuit are energized. ENGINE 
b) The fast-idle circuit activates the coolant temperature switch 
(which is closed when cold on this system). If there’s no air condi- S 


tioning, it directly energizes the fast-idle solenoid; if there is air con- 
ditioning, it indirectely energizes it through the fast-idle control 
circuit. 

The glow-plug relay is energized by a wire from the module, and 
is grounded through another wire to the module. The module deter- 
mines pulse time based on input from the control sensor. 

The glow-plugs and temperature circuit are energized by a feed 
from the batteries, which goes through the relay, then through left 
andright splices to the two banks of plugs; fusible links are installed 
in both wires between the relay and the splices. There are two tem- 
perature sensing circuits — one for each bank of plugs — between 
the splices and terminals C and L at the module; both sensing cir- 
cuits are routed through the contro! sensor. The control sensor va- 
ries the voltage signal with a thermistor-resistor type voltage 2.103 Thermal controller for System No. 3 
divider which detects unequal voltage at the glow-plug banks by 
comparing the two voltages. 

e) Another sensor circuit between the left bank splice and terminal E 


& 


= 


on the module feeds the "Don't Start" or "Glow Plugs" light on the g) The charging circuit is fed by the ignition switch, through the Gen 
dash. The dash light pulses off and on as the glow plug relay pulses light and a parallel resistance wire in the instrument panel harness, 
off and on. and to the generator field and the module. The moduleis like a high- 

f) The sensing circuits are hot only when the relay is pulsing on. If the resistance connection, and uses this inputas an engine-start signal 
engine is warmed up, there shouldn't be any voltage in any of these when the generator output starts. A couple of other leads go to the 
circuits and the relay shouldn't be pulsing. The module needs a automatic starter disengagement-lockout relay, which senses en- 
glow-plug relay "on" pulse to determine the pulse time and temper- gine start and automatically opens the solenoid feed wire from the 
ature. The dash light should flash on momentarily each time the ig- ignition switch. This prevents re-engagement of the starter once 
nition is turned on when starting or testing on a warmed-up engine. the engine has been started. 
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2.104 Light control relay for System No. 3 2.105 Coolant temperature switch for System No. 3 


START LIGHT 
DOES NOT COME ON 


Disconnect connector with tan wire at control 
relay. Turn ignition on and touch the tan 
wire with a jumper wire connected to ground. 


START LIGHT START LIGHT 
COMES ON DOES NOT COME ON 
2.106 Start light diagnosis for 
System No. 3 With ignition OFF connect test light to 
12V source and probe Brown wires in 


control relay connector. 


Check start light bulb. If ok, 
locate and repair open circuit 
in tan wire from control relay 
to start light bulb. 


TEST LIGHT ON TEST LIGHT OFF 


Check Brown wire from 
relay to generator for 
open circuit. If O.K. 
check for reversed diode. 


Replace relay. 


System No. 3: Fast-glow, thermal controller 
(1979 5.7L models) 

The big difference between system nos. 2 and 3is the means by which 
glow-plug temperature, pre-glow and after-glow are controlled. System 
no. 2 uses an electronic module; system no. 3 uses an electro-mechanical 
thermal controller (see illustration). 

When you turn the ignition switch to the Run position, the Wait light and 
the glow plugs go on. When the plugs reach the correct temperature, the 
thermal controller signals the relay to turn out the Wait light. The relay also 
turns on the Start light, which stays on until the engine is started. If the en- 
gine doesn't start for some reason, the Start light stays on as long as the 
ignition switch remains on. 

Once the engine has started, the glow-plugs cycle on and off during 
the after-glow period; they'll continue cycling for up to 30 seconds, then 
go off and remain off as long as the engine temperature remains above 
120-degrees F. 

If you leave the ignition switch in the Run position without turning it to 
Start, the glow plugs will continue to pulse on and off until the batteries run 
down — this takes about four hours if the coolant switch is open. 

In certain situations — when there's no Wait light with a cold engine, 
when there's a flashing Start light or when both the Wait and Start lights 


come on at the same time — the engine can be started cold, even 
though the glow plug system needs repairs. If the engine is starting under 
the conditions, the system needs to be repaired. 

The ignition switch directs battery current to the starter solenoid and 
the electro-mechanical controller. Voltage to the fuel solenoid allows fuel 
to flow through the injection pump. A diode in the charging circuit prevents 
"feedback" that would cause the engine to run-on when the engine is off. 

The thermal controller (see illustration): 

a) Signals the light control relay for the Wait and Start lights; 

b) Senses engine coolant temperature and glow-plug voltage; 

c) Controlscurrenttothe glow plugs and maintains glow-plug temper- 

ature by pulsing the relay on and off. 

The light control relay (see illustration) responds to the controller sig- 
nal to turn the Wait (or Start) light on or off. 

Whenitcloses, the coolanttemperature switch (see illustration) com- 
pletes the circuit, energizing the fast-idle relay. When the engine coolant 
temperature reaches about 120-degrees F, the energized fast-idle relay 
opens the circuit to the fast-idle solenoid to reduce the idle speed. 

The Wait light on some engines may remain on a couple of minutes 
before it cycles to Start. Then it recycles back to Wait. Check for reversed 
leads at the coolant temperature switch and the glow-plug system therm- 
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7*— GLOW PLUG 
HARNESS LEAD 


BATTERY 
CABLE 


2.107 Mounting details of the glow-plug relay for 
System No. 3 


istor. the lead to the temperature switch should be green and the lead to 
the thermistor should be green with a white stripe. If the start light isn't 
coming on, refer to the accompanying diagnosis chart (see illustration). 

The glow plug relay (see illustration) is pulsed on and off by the con- 
trollerto control currentto the glow plugs and maintain glow-plug tempera- 
ture to prevent overheating. 


System No. 3: Fast-glow, thermal controller (1980 through 


1983 5.7L models) 

Another (more common) version of System No. 3 is used on 1980 
through 1983 models). The power supply current flows through the DSL/ 
VAC or DSL/ECM fuse (see illustration) and follows three paths to 
ground. Oneis through the thermal controller circuit breaker, the time limit- 
er, the pulser switches and the glow-plug relay coil to ground. The same 
voltage is applied to both sides of the coil in the control relay for the Wait 
light. The second path goes to ground through the engine temperature 
switch, the fast idle solenoid and the cold-advance solenoid in the fuel in- 
jection pump. When the engine is cold, these solenoids advance pump 
timing and increase the idle speed slightly. The third path is through the 
coolant temperature switch, diode C and the time limiter coil for the ther- 
mal controller; this starts time limiter operation early when the engine is 
warm. 


System No. 3 glow plug operation 

How are the glow plugs controlled? The following description applies 
to both types of System No. 3 circuits. When you turn the ignition switch 
to Run, the Wait and Charge lights come on. Voltage is applied to the glow- 
plug relay coil through the thermal controller. The contacts on the glow- 
plug relay close, applying power to the left and right glow-plug banks, and 
to the pulser in the controller. The plugs heat up, and so does the controller 
pulser coil. 

After about six seconds (cold start, engine temperature below freez- 
ing), the pulser switch inside the controller opens; in warmer ambient tem- 
peratures, the time period is less. 

When the pulser switch opens, power is removed from the relay coil 
forthe glow-plug. The relay contacts open and disconnect power from the 
glow plugs and the pulser coil. With the pulser switch open, the coil of the 
Wait light control relay no longer has battery voltage on both sides. With 
a voltage drop across the coil, current flows through the coil and the relay 
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2.108 Typical electrical wiring diagram for the 1980 through 1983 version ої System No. 3 (fast-glow, thermal! controller) 
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is energized. The contacts open, removing the ground from the Wait light, 
which goes out. The glow plugs are now warm enough for the engine to 
start. The control relay coil for the Wait light has a new ground path through 
theclosed contact, which keeps the relay locked inthe energized (light off) 
state through the circuit breaker in the thermal controller. 

If the engine isn't started immediately, the pulser switch closes again, 
and applies voltage again to the relay coil for the glow plug. Power is again 
applied to the glow plugs and the pulser. After a short time (1/2 to 2 sec- 
onds) the pulser switch opens and removes voltage from the glow plug 
relay coil. The pulser will continue pulsing power to the glow plugs. Cau- 
tion: /f the ignition switch is turned to Run — and the engine isn't started 
— the glow plugs will continue to pulse on and off until the batteries run 
down (about four hours). 

Whenthe engine is started, voltage from the charging circuit is applied 
through diode A to the charge indicator. This balances the voltage on the 
fuse side of the indicator, and the light goes out. 

Even after the Wait light goes out, the giow plugs must remain on for 
awhile. The combustion chambers probably aren't yet hot enough to keep 
the engine running smoothly on compression alone. This pulsing on and 
off of the glow plugs is the after-glow period; it last for a minute or less. Volt- 
age is also applied through diode B to the time limiter coil in the thermal 
controller. When the time limiter switch in the controller opens, the glow 
plug pulsing stops, and so does the after-glow period. 

If the pulser circuit fails, the pulser switch can't pulse the glow plug 
relay on and off. If the glow plugs remain on too long (over eight seconds), 
the circuit breaker in the controller opens, removing voltage from the glow- 
plug relay and the glow plugs. 


Diagnosing the causa of failure of the glow-plug controller 

Glow-plug controller failures can be caused by a short to ground in the 
white or yellow wire going to the controller. It can also be caused by a diode 
failure in the control relay for the Wait light. To determine if the controller 
failure was caused by the above, measure the resistance between pins 
No. 3 (pink wire) and No. 2 (white wire) on the controller. If the resistance 
is around 30 ohms, one of the failures described above is the cause. If it's 
10 or less ohms, the failure was caused by some other condition. 


Diagnosing the thermal controller glow-plug system 
Note: /fa problem occurs when the engine is cold, then the engine must be 
cold during the following troubleshooting procedure(s). 


. Condition 1: Engine is cold and there's no Wait light 

1 With the ignition in the Run position, and the engine stopped, not 
whether the Charge light is on. If it isn't, check the Gages fuse. Check the 
operation of the glow-plug relay by listening for a click at the relay. If the 
relay operates, look for a break in the pink and black wire between the fuse 
block and splice S287 (S221). If the relay doesn't operate, check the pink 
wires between the ignition switch and the fuse block. 

2  Disconnect the connector at the control relay for the Wait light near 
the wiper motor. With the jumper wire, connectthe blue wire atthe connec- 
tor to ground. If the Wait light doesn't go on, check to see if the bulb is 
burned out. Look for a break in the blue wire between the connector at the 
Wait light control relay and the Wait light itself; also check the pink and 
black wire between the Wait light and splice S287 (S221). 

З Check the connection at ground G178 (near the wiper motor). Touch 
one end of the test light to the red wire terminal of the relay for the glow 
plug, and the other end to ground. Then touch the lead to the black wire at 
the connector for the Wait light control relay. If the light comes on, replace 
the Wait light control relay. 


Condition 2: The Wait light stays nn more than 10 seconds 

1 Check the operation of the glow-plug relay. Unplug the connector at 
the diode module. Touch one end of the test light to ground and the other 
endto the red (front) post of the relay for the glow plug. Then touch the test 
lead to the rear post (blue and black wires) of the glow-plug relay. If the 
relay operates, the test light should come. If the relay doesn't operate, go 
to Step 2; if it does operate, go to Step 3. 

2 ‘Ifthe relay doesn’t operate, check the DSL/VAC (DSL/ECM) fuse and 
ground G178. Unplug the connector at the thermal controller. Hook up a 
test light between pins 3 (pink and black wire) and 6 (yellow wire) at the 
harness connector. If the test light comes on with the ignition turned on, 


check the continuity between pins 3 and 6 of the thermal controller. If 
there’s no continuity, replace the controller. 

3 If the relay operates, unplug the connector to the control relay for the 
Wait light. The Wait light should go out. Connect the test light between the 
white and yellow wires at the connector. If the test light comes on, replace 
the control relay for the Wait light. The engine should start. If the test light 
doesn’t come on, turn off the power and check for 30 ohms resistance at 
pins 4 and 5 of the thermal controller. Replace the controller if the resis- 
tance is high. Check the continuity of the black, dark green, orange, white, 
yellow and black wires. 


Condition 3: The engine runs roughly during cold starts 

1 With the engine off, turn the ignition to Run. Unplug the connector at 
the engine temperature switch. Touch the jumper to the two terminals on 
the connector and note whether the fast idle solenoid extends. If it doesn't, 
check the throttle linkage or the solenoid plunger for binding. If the linkage 
is okay, replace the solenoid. 

2 ‘Ifthe fastidle solenoid extends, hook up a magnetic tach (Kent-Moore 
J-26925 or equivalent) to the engine. Start the engine. Leave the jumper 
attached to the connector at the engine temperature switch. Unlug the 
connector at the cold advance solenoid of the fuel injection pump. The en- ` 
gine speed should change 30 rpm when the connector is removed. Check 
the solenoid and pump if there's no change. 

3 Turn the engine off. Check the continuity of the engine temperature 
switch with a self-powered test light. There should be continuity below 
120-degrees F; there shouldn't be continuity above 120-degrees F. Re- 
place the switch if it's bad. 

4 Attach one end ofthe test light to ground. With the engine off and the 
ignition in Run, touch the other end of the test light to the green wire pin at 
the diode module. If the light comes on, and the engine is cold, replace the 
coolant temperature switch. 

5  Turnthe ignition to Off. Unplug all eight connectors for the glow plugs. 
Attach a self-powered test light between the rear post (blue and black 
wires) ofthe glow-plug relay and ground. At each glow plug, touch the har- 
ness connector to the spade terminal of the glow plug. If the test light com- 
es on, the glow plug and the harness lead are good. Be sure to set each 
harness connector aside after testing its respective plug. 

6 Ifthe test light doesn't come on, touch the harness connector to the 
engine block or some other ground. If the light then comes on, replace the 
glow plug. If the light doesn't come on, replace the wire to the glow plug. 
7 Check the fuel system for correct fuel delivery. 


Condition 4: When the engine is cold, there's na fast idle 

1 Turn off the engine, then turn the ignition to Run. Unplug the connec- 
tor at the engine temperature switch. Attach a jumper wire to both termi- 
nals of the connector. Unplug the connector at the fast idle solenoid, then 
reconnect it. Note whether the solenoid operates. If it does, readjust the 
fast idle (refer to the section of this chapter which details the idle adjust- 
ment procedures and to the VECI label on your vehicle). 

2  Ifthefastidlesolenoid doesn't operate, connect one end of atest light 
to ground. Touch the other end ofthe test light to the light green and black 
lead at the fast idle solenoid. 

3 Ifthelightcomes on, unplug the connector atthe fast idle solenoid and 
check the continuity to ground through the solenoid with a self-powered 
test light. Replace the solenoid if it’s bad. 

4 Ifthe light doesn't come on, touch the test lead to the pink and black 
terminal of the engine temperature switch. If the light comes on, remove 
the connector from the switch and test it for continuity. The switch should 
now be closed below 120-degrees F, and open above 125-degrees F. Ifthe 
switch opens below 120-degrees F, remove and replace it. 


Condition 5: When the engine is cold, it doesn't start (even 

though the Wait light appears to be okay — ЇЇ goes on, then off) 

1 Isthe engine cranking speed atleast 100 rpm? If it isn't, check battery 
voltage with a voltmeter — it should be 12.4 volts with the ignition off. 

2 Using a test light, check for voltage at the pink wire lead at the fuel 
solenoid of the injection pump with the ignition in the Run position. Repair 
the pink wire if there's no voltage. If the test light comes on, turn off the 
ignition. Using a self-powered test light, check for continuity through the 
fuel solenoid to ground. If there is no continuity, replace the fuel solenoid. 
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3  Withthe ignition inthe Run position, and the engine stopped, listen to 
the glow plug relay. It should be clicking on and off. If it's clicking, go to 
step 4; if it isn't clicking, proceed to step 7. 

4  Iftherelayisclicking, turn off the ignition. Unplug the connectors to all 
eight glow plugs. Connect a self-powered test light between the rear post 
(blue and black wires) of the glow plug relay and ground. Touch each con- 
nector to the spade terminal of its respective glow plug. If the test light 
comes on, the glow plug and harness lead are good. Test all the glow plugs 
this way. Make sure you set aside each connector after testing its plug to 
prevent accidentally energizing the plug. When you're finished testing, re- 
connect all the connectors to their respective glow plugs. 

5 Ifthe test light doesn't come on, touch the connector to the engine 
block or some other ground. If the light then comes on, replace the glow 
plug. If the light doesn't come on, replace the wire to the glow plug. 

6 Ifall eight glow plugs are open-circuited, then replace the thermal 
controller. If а glow plug has broken off and fallen into the combustion 
chamber, remove the cylinder head and clean out the debris. 

7 If the relay isn't clicking, check the thermal controller and glow plug 
relay circuit. Unplug the connector at the thermal controller. Connect one 
. endofthetestlightto ground. With the ignition in Run, check for voltage as 
follows: 

8  Checkfor voltage through the brown wire. If the light comes on, note 
whether the coolant temperature switch is closed. If the engine is cold, re- 


place the switch. 

9 Check for voltage through the orange wire. if the light comes оп, 
check for shorted contacts in the glow plug relay (red to blue and black 
wires). If the contacts are shorted, replace the relay. Also replace all glow 
plugs and the thermal controller. 

10 Connectone end of the test light to 12-volts at the battery. Touch the 
yellow wire. If the light doesn't come on, repair the yellow wire between the 
controller and the glow plug relay. If the light comes on, replace the thermal 
controller. 


Condition 6: The engine stays on fast idle 

1 With the engine off, turn the ignition to Run. Unplug the connector at 
the engine temperature switch. Touch the jumper to the two terminals on 
the connector and note whether the fast idle solenoid extends. If the sole- 
noid doesn't extend, check the throttle linkage or the solenoid plunger for 
binding. If the linkage is okay, replace the solenoid. 

2 Check the continuity of the engine temperature switch with a self- 
powered test light. There should be continuity below 120-degrees F and 
no continuity above 120-degrees F. Replace the switch if it’s bad. 


Condition 7: The Wait light pulses slowly on and off 

1 Hook up a test light between the white and yellow wires at the Wait 
light control relay. If the test light is on when the Wait light is off, and off 
when the Wait light is on, replace the Wait light control relay. 


—————————————————————————————————————M— — 


Connect an ammeter in series (induction type meter may also be used)" with DK BLU 
wire leading from the Glow Plug Relay to the LH bank of glow plugs. Operate the 
system and note the ammeter reading. Repeat the procedure for the BLK wire 
leading from the Glow Plug Relay to the RH bank of glow plugs. Operate the system 


and note the reading. 


NORMAL AMP READINGS 


LH BANK AMMETER READING LESS 
THAN NORMAL 


One or more glow plugs on LH bank not 
operative. Check individual glow plug 
leads by connecting ammeter in series 
with BRN wire that feeds glow plug. 
Operate the system and note the reading 
on ammeter. Repeat procedure for each 
glow plug. Each individual wire should 
have a reading of approximately 14 amps 
for a fast glow plug and 7 amps for a slow 
glow plug. 


READINGS NORMAL 


Glow Plugs and Harness OK. 


TEST LIGHT LIGHTS 


Harness OK. Replace glow plug 


"If using an in line ammeter read both banks at once. Do not cut wire. 


V6 V8 - 
FAST GLOW FAST GLOW V8 SLOW GLOW 
42 + 4 56 + 4 28 + 4 


AMMETER READING NORMAL 


Glow plug system operating normally. 


RH BANK AMMETER READING LESS 
THAN NORMAL 


One or more glow plugs on RH bank not 
operative. Check individual glow plug 
leads by connecting ammeter in series 
with BLK wire that feeds glow plug. 
Operate the system, note the reading on 
ammeter. Repeat procedure for each 
glow plug. Each individual wire should 
have a reading of approximately 14 amps 
for a fast glow plug and 7 amps for a siow 
glow plug. 


READINGS LESS THAN NORMAL 


| 


On those cylinders with less than normal 
readings, check for continuity through the 
harness by disconnecting the lead and 
connecting a 12 volt test light from the 
connector to ground. Operate the glow 
plug system. 


TEST LIGHT DOES NOT LIGHT WHEN 
| GLOW PLUGS ARE OPERATING 


| 


Repair or replace harness. Retest glow 
plug for proper operation. 


2.109 Preliminary ammeter test (5.7L engines) 
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Glow Plug Control System Diagnosis Index 


INSTRUCTIONS: The exact condition as outlined must exist for the 
charts to be of value. A situation found in the system that does not 
agree with the chart means that the chart can not be followed. 
Charts are in alphabetical order on the pages following. 


CONDITION 
Engine will not start, glow plug relay buzzing. P 


Engine will not start, wait light on continuously, glow plug relay does not operate. P 


Engine starts hard or not at alf (glow plugs not on long enough). S 


Engine does not start cold (wait light may or may not come оп). А EE Chart R Chart R UN 
Engine hard to start cold. P | wm Chart M 


o 
== | | 
ul s Engine does not start (glow plug(s) inoperative). S Chart A 
[= 
om 
du: 


Hard starting, or will not start cold — normal wait light operation. P | Жы д 
Engine runs rough on cold start, glow plugs turn off too soon after engine starts (afterglow time). S [ow8| |] | | | 
Engine runs rough on cold start, glow plugs not on after engine starts (fuse ok). S [ему | | — | 
[emer a eee es [se | | _ 
[эшли ien e aee meme mm з [om | ү || 
Engine won't start, wait light and glow plugs normal. P A | Pim. | Prem. | Prem | 


Wait light stays on, or (for 1979 system) both wait and start lights stay on after engine starts (start light 
flashes with glow plug pulses, then stays on steadily after engine starts). A 


Wait light on continuously, glow plug relay on — then quickly off. Р "e we uu Chart L 


WAIT LIGHT 
PROBLEMS 


START LIGHT 
PROBLEMS 


Start light stays on after engine starts, or after 2-5 minute emergency shutdown. S Chart | mr DE X 


A Allied Glow Plug System 
P Packard Electric Glow Plug System 
S Slow Glow Plug System 
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CHART A 


ENGINE DOES NOT START 
GLOW PLUG(S) INOPERATIVE 


Turn ignition switch to “RUN” (see note). Connect 12 volt test light to 
ground and touch test light probe to one glow plug terminal on right 
bank and one on left bank. Test light should be on both tests. 


TEST LIGHT OFF 


TEST LIGHT OFF BOTH TESTS 


NOTE: This will allow 2-5 minutes for 
checking circuits before the emergency 
shut down occurs. Turning the ignition 
Switch off and back on will reset system. If 
wait light does not come on, engine is too 
warm for glow plug operation and 
thermistor must be disconnected. 


TEST LIGHT ON BOTH TESTS 


ONE TEST ONLY 
(RIGHT OR LEFT) 


Connect 12 volttest light 
to ground and touch 
probe to orn wire 
terminal at L.H. relay or 
orn-dbl-blk wire terminal 
at R.H. relay. 


TEST LIGHT OFF TEST LIGHT ON 


Repair open circuit in 
orn wire circuit to glow 
plug. 


Touch probe to blk wire 
terminal of relay. 


TEST LIGHT ON 


| 


Replace relay. 


TEST LIGHT OFF 


Replace fusible link. 


TEST LIGHT OFF 


Replace 
relay. 


TEST LIGHT OFF 


Replace fusible link at 
Starter solenoid or repair 
open in red wire. 


Touch probe to It. green 
wire term. 


Connect 12 volt test light 
to ground and touch 
probe to black wire 
terminal at relays. 


ре 


TEST LIGHT ON 


| ——i 


Touch probe to pink/blk 
wire terminal of either 
relay. 


Connect 12 volt test light 
to 12 volt source and 
with plug disconnected 
touch each glow plug 
terminal. Replace any 
glow plug that does not 
light test light. 


TEST LIGHT ON TEST LIGHT OFF 


| | 


Repair open in pink/blk 
wire circuit from relay to 
ignition switch. 


TEST LIGHT ON 


| 


Connect jumper wire to 
ground and touch It. 
green wire in electronic 
module connector. If 
relays operate, replace 
module. If relays don't 
operate, locate and 
repair open circuit in It. 
green wire. 


2.110b Chart A (5.7L engines) 
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CHART B 


ENGINE RUNS ROUGH 
ОМ COLD START 


Glow plugs turn off loo apọn after 
engine starts (aftergiow time) 


Note: ії afterglow time period is too long, then batteries will be run 
down on short trip conditions. 


| 


Using а 12 volt test light connected to a good ground, probe the 
ppl/wht wire terminal at the electronic module while cranking 
the engine. The light should be orf and go off when the key is 


turned to "Run" position. | 


LIGHT ON IN START OFF IN RUN LIGHT OFF IN START 
Check gen. light for normal Repair open in ppl/wht wire 
operation. Repair if necessary. from electronic module to 
If ok connect 12 volt test light to splice. 


ground and probe the brown/ 
wht wire terminal in the 
electronic module while the 
engine is running. 


Ex — 2 


LIGHT ON LIGHT OFF 


i 


Locate and repair open in 
brown/wht wire from electronic 
module to splice. 


Replace electronic module. 


CHART C 


GLOW PLUGS QN AT ALL TIMES 
(Causing Rundown Batteries) 


Using a grounded 12 volt test light touch probe to term. 
(Orange wire Ih relay and orn. dbl. blk. rh relay) at each glow 
plug relay. With ignition off there should be no light. 


| ma. WE 


LIGHT ON BOTH RELAYS LIGHT ON ONE RELAY 
Touch probe to pink/blk. wire Replace Shorted Relay. 
term. at relays. | 

LIGHT ON LIGHT OFF 
Locate and repair shorted wire Replace shorted relays. 


(pink/black) or ignition switch. 


CHART D 


BATTERIES RUN DOWN, 
GLOW PLUGS DO NOT SHUT OFF 
AFTER 2 - Б MINUTES 


(Emergency Shiri down) 


Normal Operation: Glow plugs should shut off after 2 - 5 
minutes with the ignition on provided ignition has not been 
turned to start. This prevents battery run down should ignition 
be left on. 


Using a grounded 12 volt test light, touch the probe to the It. 
green wire at the electronic module and turn the ignition on but 
not to start. Light should stay off for 2 - 5 minutes then come on. 


LIGHT COMES ON LIGHT STAYS OFF 
Electronic module ok replace Turn ignition off. Remove 
glow plug relays if glow plugs electronic module. Turn 
are still on. i ignition on and touch probe to 


It. green term. in connector. 
Test light should come on. 


L| DM 


LIGHT OFF LIGHT ON 
Repair grounded It. green wire Replace electronic module. 
between electronic module and 
glow plug relays. 


CHART E 


ENGINE STARTS НАНО 
OR NOT AT ALL 
GLOW PLUGS 


MOT ON LONG ENOUGH) 


Glow plugs operate ok but time period incorrect 


Using an ohmmeter on the 1 X K scale, check the thermistor 
resistance to ground. Should be 2000 to 5000 ohms at room 
temperature, 70*F. 


2000 - 5000 OHMS NOT WITHIN RANGE 


Replace electronic module. Replace thermistor. 


2.110c Charts B, C, D and E (5.7L engines) 


TEST LIGHT ON 


Replace electronic 
module. 
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CHART F 


MESSEN 


CHART H 


START LIGHT DOES NOT COME ON 
| WAIT LIGHT TURNS ON AND 


With engine running disconnect electronic module located 


behind I.P. taped to harness. 


WAIT LIGHT GOES 
OUT 


Check brown/wht wire 
at the electronic module 
with а grounded 12 volt 
test light (wire is brown 
in engine 
compartment). 


i 


WAIT LIGHT STILL ON 


Locate and repair 
grounded dk blue wire 
between the electronic 
module and bulb. 


TEST LIGHT OFF 


Test brown wire at 
generator 2 wire 


connector with 12 volt 


test light. 


TEST LIGHT ON 


Locate and repair open 
circuit in brown/wht wire 
from generator to 
electronic module (wire 
is brown in engine 
compartment). 


TEST LIGHT OFF 


Correct defect in 
charging system. 


CHART G 


WAIT LIGHT DOES NOT COME ОМ 


ARTS 


BUT ENGIME ST 
AFTER NORMAL WAITING PERIOD 


Check wait light bulb. 


BULB OK 


Test dk. blue wire terminal at 
electronic module with a 
grounded 12 volt test light. 


TEST LIGHT ON 


Check electronic module 
ground if ok replace electronic 
module. 


BULB OUT 


Replace bulb. 


TEST LIGHT OFF 


Repair open circuit in dk. blue 
wire from electronic module to 
wait light buib. 


Connect jumper wire to ground and touch tan wire at electronic 
module connector. Turn ignition key on. 


START LIGHT ON START LIGHT OFF 


| | 


Replace electronic module. Check start light bulb. If ok, 
check pink/black 12 volt feed 
wire for open circuit. If ok, 
check tan wire from bulb socket 
to electronic module. 


CHART I 


START LIGHT STAYS ОН AFTER 
ENGINE STARTS OR AFTER 2-5 
MINUTE EMERGENCY SHUT DOWN 


Check the ppl. wire terminal at the electronic module with a 12 
volt test light. While cranking the light should go on. 


TEST LIGHT ON TEST LIGHT OFF 


Remove electronic 
module and observe 
start light. 


Repair open in ppl/wht 
wire from electronic 
module to splice. 


START LIGHT GOES START LIGHT STAYS 
OUT ON 


| | 


Replace electronic Locate and repair short 

module. circuit in tan wire from 
electronic module to 
START light. 


2.110d Charts F, G, H and I (5.7L engines) 
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CHART J 


WAIT LAMP DOES NOT LIGHT (Bulb 
—— PLUG RELAY OPERATES 


Y, ENGINE STARTS OK 


With ignition on, ground terminal “A” (dk. blue) of module connector. 


СА 


WAIT LAMP OFF WAIT LAMP ON 
Disconnect the connector between the Replace module circuit board. 
module jumper and the І.Р. harness. 
Check for continuity from terminal "B" (dk. i 
blue) of the connector to terminal "A" (dk. Notice: Turn ignition OFF before removing module 
blue) of module connector. circuit board to avoid damage to circuits. 
CONTINUITY NO CONTINUITY 
Ground dk. blue wire terminal in cluster Repair open in circuit (dk. blue) in module 
connector. jumper. 
WAIT LAMP ON WAIT LAMP OFF 
Repair open in circuit (dk. blue) in І.Р. Check voltage in pink/blk wire terminal in 
harness. I.P. cluster connector. 
0 VOLTS BAT. VOLTAGE 
Repair open in the circuit (pink/blk) in I.P. Replace cluster printed circuit. 
harness. 


2.110e Chart J (5.7L engines) 
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CHART К 


With ignition on, check voltage at terminal "M" (blk/wht) of module 


connector. 
0 VOLTS 1 OR MORE VOLTS 
Check voltage at both terminals of glow Repair open in circuit (blk/wht) in harness 
plug relay coil (yellow and blue) to ground. between module and I.P. ground. 
BAT. VOLTAGE AND 1 VOLT 8 VOLTS OR BAT. VOLTAGE LESS THAN 1 VOLT AT BOTH 2 TO 8 VOLTS AT BOTH 
AT BOTH TERMINALS TERMINALS TERMINALS 
Replace glow plug relay. Check voltage at terminal "J" Check voltage at terminal “F” Replace module circuit board. 
(It. blue) of module connector. (yellow) of module connector. 
0 VOLTS BAT. VOLTAGE LESS THAN 1 VOLT 2 VOLTS OR BAT. VOLTAGE 
Repair open in circuit (It. blue) Replace module circuit board. Replace module circuit board. Repair open in circuit (yellow) 
between module connector between module connector 
and glow plug relay. and glow plug relay. 


2.110f Chart K (5.7L engines) 


—————————ЄҮүуү—үө—үө—————————————————-—————————Є——Є— 
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CHART L 


Notice: Turn ignition OFF before removing module 
Circuit board to avoid damage to circuits. 


HARD STARTING, OR WILL NOT 
NORMAL WAIT 


са START COLD ~ 
LIGHT 


With ignition on, measure voltage at module connector terminal “L” 


(purple). 


BAT. VOLTAGE 


Remove module circuit board and 
measure voltage at terminal "L" (purple) 
of module connector. 


0 VOLTS BAT. VOLTAGE 
Disconnect the The circuit (purple) is 
control sensor shorted to 12 voits in 
connector and the harness. Repair 
measure the вт necessary. 


resistance from 
terminal “A” (purple) 
to "E" (blk/wht) of 
the control sensor. 


INFINITE OHMS 


Replace contro! 
sensor. 


LESS THAN 20 
OHMS 


Reconnect control 
sensor and measure 
the resistance from 
terminal “L” (purple) 
of module connector 
to ground. 


pe { 


INFINITE OHMS LESS THAN 20 
| OHMS 


Replace module 
circuit board. 


Repair open in 
_ Circuit (purple) from 
module connector to 
contro! sensor. 


BAT. VOLTAGE 


| 


Remove module 
circuit board and 
check continuity 
from terminal “J” (it. 
blue) of module 
connector to ground. 


CONTINUITY NO CONTINUITY 


Measure resistance 
between control 
sensor terminals “A” 
(purple) to “E” (ЫК/ 
wht) and “A” 
(purple) to “B” (orn/ 
ЫК). Is "A" to "E" 
between 4 and 10 
ohms and "A" to "B" 
between 10 and 20 
ohms? 


Repair grounded 
circuit (It. blue) 
between glow plug 
relay and module. 


NO YES 


Replace module 
circuit board. 


Replace control 
sensor. 


2.1109 Chart L (5.7L engines) 


LESS THAN 6 VOLTS 


Disconnect the contro! sensor and 
measure voltage at terminal “L” (purple) 
of module connector. 


0 VOLTS 


Remove the module 
circuit board, 
measure continuity 
from terminal "L" 
(purple) of module 
connector to ground. 


CONTINUITY NO CONTINUITY 


; 


Repair short in 
circuit (purple) 
between module 
and control sensor. 


Replace module 
circuit board. 


——————————————————————————M—————M— 


Notice: Turn ignition OFF 
before removing module 
circuit board to avoid 
damage to circuits. 


LESS THAN 20 OHMS 


Measure the resistance between 
terminals "C" (gray) and "E" (blk/wht). 


0 OHMS 


Replace control sensor. 


0 VOLTS 


Is generator lamp 
on? 


pa 


YES 


Disconnect the 2- 
way connector at the 
generator. Is the 
gen. lamp still on? 


NO YES 


Remove the module 
circuit board. Is gen. 


Refer to Service 
Manual section 6D 


for generator lamp on? 
diagnosis. 
YES NO 


Circuit (brn/wht) is 
shorted to ground 
from the module 
connector to the 
engine harness 
connector or the 
generator (brn) 
circuit from the 
harness connector 
to the IP cluster. 


Check continuity to 

ground from terminal 
“М” (brn) in module 
connector. 


CONTINUITY NO CONTINUITY 


Replace module 
circuit board. 


Generator circuit 
(brn) is shorted to 
ground. 


CHART M 


MORE THAN 4 OHMS 


With engine off and ignition on measure 
the voltage at terminal “N” (brn) of the 
module connector. 


12 VOLTS. 


Remove the module 
circuit board and 
check voltage at 
terminal "F" (yel) in 
the module 
connector. 


12 VOLTS 0 VOLTS 


Yellow wire from 

module to glow plug 
relay is shorted to 12 
volts inside harness. 


Replace module 
circuit board. 


Measure voltage at 
terminal “K” (brn/ 
wht) of module 
connector. 


0 VOLTS 12 VOLTS 


Gen. lamp is out or 
(brn/wht) circuit is 
open. 


Replace module 
circuit board. 


2.110h Chart M (5.7L engines) 


WAIT LAMP ON CONTINUOUSLY, 
GLOW PLUG RELAY ON FOR FIRST 
TIME, THEN OFF 


Chapter 2 GM 5.7L and 6.2L V8 engines 


Disconnect control sensor and measure the resistance between 
terminals “С” (gra) and “О” (orn) of the control sensor. 


a 


INFINITE OHMS 


Replace control sensor. 


MORE THAN 2 VOLTS 


Measure voltage at 
terminal “F” (yel) of 
module connector. 


6 VOLTS 


Check continuity 
from the control 
sensor connector 
terminal “D” (orn) to 
ground. 


CONTINUITY NO CONTINUITY 


Circuit (orn) is open 
from the sensor 
connector to the left 
glow plug harness. 


Remove the module 
circuit board and 
check continuity 
from terminal “С” 
(gra) in module 
connector to ground. 


NO CONTINTUITY CONTINUITY 


Gray wire is shorted 
to ground. 


Replace module 
circuit board. 


Chapter 2 GM 5.7L and 6.2L V8 engines 


Notice: Turn ignition OFF before removing module 
circuit board to avoid damage to circuits. 


CHART N 


WAIT LAMP DOES NOT LIGHT, 


GLOW PLUG RELAY ENGINE WILL NOT START COLD 
DOES NOT OFERATE 


With ignition on, check voltage at terminal “С” (pink/blk) of module 
connector. 


0 VOLTS BAT. VOLTAGE 


Check voltage at terminal "H" (black) in 
module connector. 


Check diese} fuse. 


FUSE OK 


Check voltage at terminal "A" 
(pink/blk) of 3-way I.P. harness 
connector. 


0 VOLTS 


| 


Repair open in circuit (pink/blk) 
from I.P. connector to fuse 
block. 


LESS THAN 10 OHMS 


Measure resistance between 
terminals "C" (gray) to "D" 
(orange) and "C" (gray) to "E" 
(blk/wht) on control sensor is 
"C" to "D" between 10 and 20 
ohms, and "C" to "E" between 
4 and 10 ohms? 


NO 
Y 
Replace control sensor. 


OK 


Replace module circuit board. 


FUSE BLOWN 


Replace fuse. 


BAT. VOLTAGE 


Repair open in circuit (pink/blk) 
from І.Р. connector to module. 


MORE THAN 1000 OHMS 


ї 


Repair open in circuit (orange) 
from control sensor connector 
to glow plug harness connector 
or circuit (dk green) in glow plug 
harness. 


YES 


Check module connector 
terminals. 


NOT OK 


Repair or replace as required. 


0 VOLTS 


Measure voltage at terminal 
"C" (gray) of module 
connector. 


LESS THAN 1 VOLT 


Disconnect the control sensor 
connector and check 
resistance at terminal "D" 
(orange) of connector to 
ground. 


BAT. VOLTAGE 


The circuit (gray) is shorted to 
12 volts in the harness between 
the module and contro! sensor. 
Repair as required. 


NO CONTINUITY 


| 


Disconnect the control sensor 
connector. Measure resistance 
between terminals "C" (gray) 

and "D" (orange) of sensor. 


LESS THAN 20 OHMS 


Replace module circuit board. 


2.110i Chart H (5.7L engines) 


BAT. VOLTAGE 


Repair open in circuit (black) 
from module connector to І.Р. 
ground. 


BAT. VOLTAGE 


| 


Disconnect control sensor 
connector and check voltage at 
terminal "C" (gray) of 
connector. 


0 VOLTS 


Repair open in circuit (gray) 
from control sensor to module. 


BAT. VOLTAGE 


Remove the module circuit 
board and check terminal "C" 
(gray) of control sensor 
connector. 


0 VOLTS 


ї 


Reconnect control sensor and 
check for continuity from 
terminal "C" (gray) of module 
connector to ground. 
CONTINUITY 


Replace module circuit board. 


MORE THAN 20 OHMS 


Replace control sensor. 


rr aaa 


CHART О 


ENGINE WILL NOT START 
GLOW PLUG RELAY BUZJNG 


Disconnect control sensor connector. Check for continuity 
between terminal "D" (orange wire) of sensor connector and 
terminal "E" (orange wire) of module connector. 


CONTINUITY NO CONTINUITY 


| 


Replace module circuit board. Repair open in circuit between 
module connector and control 


sensor connector (orange). 


Notice: Turn ignition OFF 
before removing module circuit 
board to avoid damage to 
circuits. 


CHART P 


WAIT LIGHT ON CONTINUOUSLY, 
GLOW PLUG RELAY OPERATES 


NORMALLY, ENGINE STARTS AFTER 
MOFMAL WAIT PERIOD 


With ignition on, disconnect the 3-way connector between the 
module jumper and the I.P. harness. 


WAIT LAMP OFF WAIT LAMP ON 


Disconnect the cluster 
printed circuit 
connector. 


Reconnect 3-way 
connector and remove 
module circuit board. 


WAIT LAMP WAIT LAMP ON 
OFF OFF 


Repair short іп Locate and 


circuit from 3- 


Replace module Repair short in 

circuit board. circuit between 
module jumper 
connector and 
module 
connector (dk 
blue). 


cluster connector circuit on 
(dk blue). connector. 


WAIT LAMP WAIT LAMP ON 


repair short in 
way connectorto cluster printed 


Chapter 2 GM 5.7L and 6.2L V8 engines 


CHART Q 


OPERAT 


WAIT LAMP DOES NOT LIGHT 
шр ok) GLOW PLUG RELAY 
NORMALLY, ENGINE 

STARTS OK 


With ignition on, ground terminal "A" (dk blue) of module 


connector. 


WAIT LAMP OFF 


| 


Remove instrument cluster. 
Recheck for good bulb and 
check for continuity in circuit 
(dk blue) from cluster 
connector to terminal "A" (dk 
blue wire) at module connector. 


CONTINUITY 


With ignition on, check voltage 
at pink/bIk wire in I.P. cluster 
connector. 


0 VOLTS 


Repair open in the circuit (pink/ 
ЫК) in I.P. harness. 


2.110j Charts O, P and Q (5.7L engines) 


WAIT LAMP ON 


Replace module circuit board. 


Notice: Turn ignition OFF 
before removing module circuit 
board to avoid damage to 
circuits. 


NO CONTINUITY 


Repair open in circuit (dk blue) 
from cluster connector to 
module connector. 


BAT. VOLTAGE 


Check for a good connection 

between cluster connector and 
printed circuit board. If OK, and 
bulb OK, replace printed circuit. 


Chapter 2 GM 5.7L and 6.2L V8 engines 


CHART R 


FUSE OK — — ——»- Check diesel fuse in fuse panel ———»- 1980-83 MODELS ———-® 1979 MODELS —————®» E-CAR ONLY 
(1979-80 E-Car check gages FUSE BLOWN 


fuse). Locate and repair short circuit 

in one of the following: 

1. Ріпк/Вік wire trom fuse to 
coolant switch controller and 
engine temperature switch 


1979 (Except E-Car) 
Disconnect 3-wire harness 
connector (pink/blk - "k. blu - 
2. Lt. Grn/BIk from engine tan) at rear of engine. Instail 
temperature switch to fast new amp. fuse and turn ignition 
Ld idle solenoid and cold to run. 
advance solenoid. 
3. White wire from controller to 
lamp control relay. 
4, Yellow wire from controller to 
i w plug relay to la 
Listen for glow plug relay a eran 
operation. Should be clicking 5. Н no short found in any of 


on and off if engine is cold. 


FUSE BLOWN Fuse OK 
ї 


Locate and repair short circuit 

in one of the following: 

B-C Pink/blk wire from 3-wire 

connector to: 

E-Car: Pink/blk wire from 

engine and generator dash 

connector to: 

1. Coolant switch, fast idle 
relay and controller. 

2. Dk. green wire from fast idle 
relay to fast idle solenoid. 

3. White wire from controller to 
lamp control relay. 

4. Yellow wire from controller to 
glow plug relay to lamp 
relay 

5. If no short found in any of 
these circuits, replace 
controller. 


1. B-C: Locate and repair short 
circuit in pink wire from 3- 
wire connector to start light, 
wait light or fuse panel. 


these circuits, replace 
controller 


RELAY NOT OPERATING RELAY OPERATING 


Connect 12-volt test light to 
ground. Touch the glow plug 
relay terminal with 2 fusible 
links (blk-blu). Test light should 
turn on and off as controller 
operates relay. 


Connect 12 voit test 
light to ground and 
touch the yellow wire 
and black wires in 
glow plug relay 


sangeet. TEST LIGHT TEST LIGHT 
DOES NOT COME ON STEADY 
TEST LIGHT OFF TEST LIGHT ON TEST LIGHT ON. ON 
BOTH TERMINALS BOTH TERMINALS YELLOW 
TERMINAL ONLY Touch test light to Relay contacts TEST LIGHT 


shorted. Replace TURNS ON/OFF 
glow plug relay, 


controller, and all 


single red wire 
terminal. (Batt. feed) 


lay. 
Replace relay on glow plug relay. 


Repair open circuit 
in blk wire ground 


Disconnect the 


harness connector Touch each glow 


from the controller. ^ circuit. glow plugs. plug harness 

Touch test light to terminal with 12 volt 

#3 (pink/blk wire) test light connected 

terminal in the to ground. Test light 

connector. should pulse on/off. 

TEST LIGHT OFF TEST LIGHT ON TEST LIGHT ON TEST LIGHT OFF TEST LIGHT TEST LIGHT DOES 
COMES ON ALL & NOT COME ON 
WIRE TERMINALS ONE OR MORE 

TERMINALS 


Repair open circuit 
in pink/black wire 
from controller to 
splice. 


Repair open circuit 
in yellow wire from 
glow plug relay to 
controller. If no 
trouble found, 
perform glow plug 
controller check, 
page 2-68. 


Replace relay. 
(Contacts burned). 


Locate and repair 
open circuit in red 
wire from glow plug 
relay to battery. 


Notice: The condition that caused all 8 glow plugs to fail 
will have damaged the controller. 


2.110k Chart H (5.7L engines) 


Disconnect harness 
from all glow plugs. 
Connect test light to 
12 volt source and 
touch each glow 
plug terminal. Light 
should be on. 
Replace glow plug if 
light is off. If all 8 
glow plugs are open 
circuited, the 
controller must be 
replaced. (See 
Notice). 


Repair open circuit 
in glow plug 
harness. If open 
circuit is caused by 
burned wire, glow 
plug is shorted and 
should be replaced. 


e 
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CHART S 


NOTICE: USE VOLTMETER ONLY WHEN MAKING THIS TEST. 


Connect voltmeter between white wire terminal at lamp control relay 
and pink/blk wire at coolant temperature switch. 


BAT. VOLTAGE 0 VOLTS 


Check for voltage at battery (red) terminal Connect voltmeter between the yellow 


of glow plug relay. and white wire terminal of the control 
relay. 
0 VOLTS BAT. VOLTAGE 0 VOLTS BAT. VOLTAGE 

Repair open circuit in wire from Disconnect harness connector Repair open in white wire to Replace lamp control relay. 
glow plug relay to battery. at controller. Connect controller or yellow wire to glow 

voltmeter to 12 volt source and plug relay. 

touch #4 terminal (orange) in 

connector. 

0 VOLTS BAT. VOLTAGE 
Check for open circuit in Touch voltmeter to yellow 
orange wire and/or fusible link. terminal at glow plug relay. 


Repair or replace as required. 


BAT. VOLTAGE LESS THAN BAT. VOLTAGE 
OR 0 VOLTS 
Check glow plug relay ground. Check yellow wire from glow 
If ok, replace relay. plug relay to controller. If ok, 


perform controller check. 


2.1101 Chart S (5.7L engines) 
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CHART T CHART U 


| IMMEDIATE START LIGHT ON COLO 
—-. ENGINE, GLOW PLUGS OFF 


START LIGHT DOES NOT COME ОМ · 


Use m 12 volt test light connected to 
ground except where instructed 
otherwise. Turn ignition on. 


Disconnect connector with tan wire at lamp control relay. Turn 
ignition on and touch the tan wire with a jumper wire connected 


Touch test light to yellow wire terminal at glow plug relay. 


to ground. 
4 
START LIGHT COMES ON START LIGHT DOES NOT LIGHT ON LIGHT OFF 
COME ON 

With ignition OFF connect test Check start light bulb. If ok, Locate and repair open circuit Repair open circuit in yellow 
light to 12V source and probe locate and repair open circuit in in black wire from glow plug wire from glow plug relay to 
brown wires in lamp control tan wire from control relay to relay to lamp control relay controller. 

relay connector. start light bulb. ground wire. If OK, replace 

glow plug relay. 
TEST LIGHT ON TEST LIGHT OFF 
Replace relay. Check brown wire from relay to 


generator for open circuit. If 
O.K., check for reversed diode. 


CHART V 


CHART W 


ENGINE RUNS ROUGH ON COLD 


NO START LIGHT, WAIT LIGHT 
START (Glow Plugs Not On After STAYS ON, GLOW PLUGS 
Engine Starts — Fuse Ok) OPERATE OK 


With cold engine and ignition on, connect a 12 volt test light to 
ground. Then touch each glow plug terminal. Test light should 
pulse on and off at each terminal with fast glow system. Will 
stay on with slow glow system. 


Connect 12-volt test light to ground and touch yellow wire 
terminal at lamp control relay. 


TEST LIGHT ON ALL TEST LIGHT OFF ONE OR LAMP OFF LAMP ON 
TERMINALS MORE TERMINALS 
Turn ignition off and disconneci Repair open circuit in glow plug Repair open circuit in yellow Replace lamp control relay. 


glow plug harness from all glow harness. If open is due to burnt 
plugs. Connect 12 volt test light wire, replace that glow plug. 
to а 12 volt source and touch (Plug shorted). 

each glow plug terminal. 

Replace any glow plugs that do 

not light test light. 


wire from lamp control relay to 
glow plug relay. 


2.110m Charts T, U, V and W (5.7L engines) 


————————————————————————————————M————————————————————— 
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CHART X 


WAIT LAMP OPERATES 
. SATISFACTORILY THEN COMES 
ОН AFTER ENGIN 


E STARTS 


This indicates & system malfunction. Check the following: 


1. Inoperative glow plugs — Refer to preliminary diagnosis chart for system check. 

2. Check for proper grounds to terminals H and M at the module. 

3. Check for malfunction in diode trio in generator. Refer to service manual. 

4. Check the following circuits for opens, short to ground and connectors at the various components. 


From electronic module: 

"L" purple wire to control sensor 

"C" gray wire to control sensor 

"M" black white/black pink wire to control sensor 

"N" brown wire to generator 

"E" orange/dark green/dark blue to glow plug relay 

"E" orange to control sensor-orange black/dark green/black to glow plug relay. 


CIRCUIT 
BREAKER 


GLOW PLUG CONTROLLER 
CHECK 


THERMAL 
CONTROLLER 


: CIRCUIT 
Check resistance pins 1-5 
Appx 115 OHMS OPEN 
I Y А t Note: Use low impedance OHM 
Check resistance pins 4-5 Replace controller meter when checking controller 
Approx 30 OHMS OPEN 
Probe pins 2-6 Check resistance or glow plugs 
CONTINUITY. OPEN BURNED OUT PLUGS OK 
Check resistance pins 3-2 Replace controller Replace glow plug relay and Replace controller 
controller 
Approx 30 OHMS Less than 10 OHMS OPEN 
Controller is performing Replace controller 


satisfactorily 


Replace controller. Locate and correct short to ground (may be 
intermittant) in white wire to wait lamp control relay or yellow wire to 
glow plug/wait lamp relay. If none found, check for proper operation of 
diode/w wait lamp relay. 


2.110n Chart X (5.7L engines) 
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MODULE CONTROL 
1978 AND FIRST DESIGN 
1979 CUTLASS, ВВ AND 98 


Sender, Temp. (Glow Plug) located in right front parmar of 
intake manifold urs single wire connector. 


THERMAL CONTROLLER 
1979 TORONADO AND SECOND 
DESIGN CUTLASS, Bb AND 33 


Glow Plug Control Switch located in right front caom of 
intake manifold нй six (6) wire connector. 


e 


2.111 The easiest way to figure out whether the glow-plug system is controlled by a module or by a thermal controller is 


to look at the number of wires to the 


switch й the front right (passenger's side) of the intake manifold 
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2.112 Typical electrical circuit for System No. 5: Positive Temperature Coefficient glow-plugs with controller/relay 
(1984 models with 5.7L engines) 
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2—70 
GLOW PLUG 
MODULE 
iiem 


FORWARD „>: 


2.113 Thermal controller/relay for System No. 5 (5.7L models) 


2 If the test light doesn't come on, hook it up between ground and the 
orange wire at the thermal controller. With the Wait light pulsing, note 
whether the test light pulses on and off with the Wait light. If the test light 
doesn't come on, touch it to the front (red wire) and rear (blue and black 
wires) posts of the glow plug relay. The fault may be in the red wire be- 
tween the batteries and the glow plug relay, in the black, green or orange 
wires between the relay and the thermal controller, or in the relay itself. 
3 Ifthe test light flashes on and off with the Wait light when connected to 
the orange wire atthe thermal controller, hook up the test light between the 
black wire at the controller and ground. If the test light again flashes on and 
off, repair the black wire between the controller and ground. If the test light 
doesn't flash, replace the thermal controller. 


Condition 8: The engine continues to run with the ignition off 

1 With the ignition turned off, and the engine still running, unplug the 
connector at the diode unit. If the engine stops, diode C is shorted. Re- 
place the diode unit. 

2 If the engine continues to run, unplug the pink wire connector at the 
fuel solenoid in the fuel injection pump. If the engine still continues to run, 
stop it by crimping the flexible fuel return line near the fuel supply pump 
(lower right side of engine). Then repair or replace the fuel solenoid. 


Condition 9: The Water-In-Fuel (WIF) light stays an 
Drain the contaminated fuel. Refer to the part of this chapter that de- 
tails how to service the low pressure side of the fuel system. 


Diagnostic flow charts for glow-plugs systems used on 
5.7L engines 

Before using the diagnostic flow charts to troubleshoot the glow-plug 
system, always: 

1 Make sure all the glow plugs are working. 

2 Check all fuses, bulbs and grounds before testing or replacing any 
components. 

3 Make sure no wires are exposed and all connections are clean and 
dry. 

4 Perform an ammeter test (see illustration) to pinpoint the cause of 
the problem. 

The accompanying flow charts (see illustrations) for the various 
glow-plug systems used on 5.7L engines will help you pinpoint the cause 
of a problem. 

You'll need the following tools before you can perform these proce- 
dures: a digital multimeter, a self-powered test light, a 12-volttest light and 
a volt-amp tester. The digital multimeter is essential for testing fast-glow 
systems because it can measure extremely low voltages without burning 
out the delicate circuits in the electronic control module. You can also use 
itas an ohmmeter instead of a conventional ohmmeter when diagnosing 
hard-to-start or no-start conditions. The self-powered test light is essential 
for checking glow-plug continuity and opens and grounds in circuit checks 


where no voltage can be applied. The 12-volt test light is used to check 
for opens and grounds in circuit checks which require 12 volts for proper 
diagnosis. The volt-amp tester can measure amperage (current flow) 
draw between the left and right glow-plug banks. 


їз the glow-plug system controlled by ип electronic 
module or an electro-mechanical thermal controller? 


Trying to determine what kind of system you've got on your vehicle can 
be confusing. One quick way to figure out what you're dealing with is to 
note whether the system is controlled by an electronic module or an elec- 
tro-mechanical thermal controller. Look at the right (passenger's side) 
frontcorner ofthe intake manifold and note whether the engine has a sing- 
le-wire thermistor (module-controlled) or a six-wire glow plug control 
switch (thermal controller) (see illustration). 


System No. 5: Positive Temperature Coefficient (PTC) glow 
plug system (all 1984 and 1985 car models with 5.7L engines) 


The 1984 glow plug control circuit (see illustration) uses glow plugs 
which are protected from burnout by increasing resistance as they get hot- 
ter. The circuit operates the glow plug system in the same three steps as 
other systems: pre-glow, after-glow and off. During pre-glow, the circuit 
turns on the Wait light and heats the glow plugs until they're hot enough 
to startthe engine. During after-glow, the circuit turns off the Wait light and 
keeps power applied to the glow plugs to help the cold engine run. Once 
the engine is hot enough to run on its own, the circuit cuts the power to 
the glow plugs and stays off until the engine is re-started. 

Theglow-plug controller/relay, or glow-plug module (see illustration), 
controls all circuit functions — pre-glow and after-glow operation, the Wait 
light, over-voltage production and system reset. 

Thermal controls, which open the pre-glow switch to end pre-glow and 
the after-glow switch to end after-glow, respond to engine temperature. 
When the system is energized with the engine cold, both switches are in 
the "cold" position. As the engine heats up, current flow heats the thermal 
controls, and both switches move toward their "hot" positions. How much 
time it takes for each switch to move to its hot position depends on how 
cold the engine and the controller were when the system was first ener- 
gized. The colder the engine and controller are, the longer the pre-glow 
time period. 

Asthe pre-glow switch reaches its hot position, the Wait light goes out. 
The engine can now be started. Whether the engine is started or not, the 
controller continues to operate. The after-glow switch hasn't yet reached 
its hot position. Current continues to flow, heating the thermal controls. 
When the thermal controls reach their maximum temperature, the after- 
glow switch moves to its hot position. 

As the after-glow switch moves to its hot position, it opens the path to 
ground from the coil of the glow plug relay. This path to ground allows the 
current flow to bypass the coil of the reset relay. With this path open, the 
current must flow to ground through the reset relay coil and the glow-plug 
relay is de-energized, removing power to the glow plugs. 

When the glow-plug relay is de-energized, the reset relay re-ener- 
gizes. The contact of the reset relay opens to lock off the thermal control- 
ler. This ends glow-plug operation. 

Whenthe ignition switch is turned to Off, the reset relay contact closes 
and the glow-plug controller is ready to operate again. 

Ifthe engine is hot enough (above 140-degrees F) when it's re-started, 
the thermal controls will still be in their hot position, so the reset relay can 
energize immediately, and no power is applied to the glow plugs. 

The over-voltage protector protects the glow plugs against damage if 
voltage exceeds 14 volts. When the protector senses more than 14 volts, 
it opens the circuit to the coil of the glow-plug relay. Current to the glow 
plugs ceases. After a brief period, the protector closes the circuit. If the 
voltage is still above 14 volts, it opens the circuit again. The protector may 
cycle this way as long as the over-voltage condition exists — and as long 
as glow-plug operation is needed. 

Now let's look at where the current goes during pre-glow and after- 
glow and following after-glow in a PTC system. During pre-glow, voltage 
is applied at all times from the battery to the contacts of the glow-plug relay. 
When the relay is energized, current flows through the relay contacts and 
the glow plugs to ground. The resistance of the plugs increases as they 
get hotter, which limits the flow of current through them. 
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When the ignition switch is turned to Run, current flows through the 
gages fuse, the ECM fuse, the Wait light, the pre-glow switch and the con- 
tacts of the reset relay, then to ground. 

Current flowing through the ECM fuse follows two paths to ground: 
One pathis through the thermal controls and the contacts of the reset relay 
to ground. The other path is through the contacts of the over-voltage pro- 
tector, the coil of the glow-plug relay, the after-glow switch and the con- 
tacts of the reset relay to ground. The over-voltage protector is connected 
in parallel with the coil of the glow-plug relay. The protector senses the 
voltage applied to the coil. 

When the current is flowing as described above, the Wait light is on, 
the glow-plug relay is energized and the thermal controls and the glow 
plugs are heating. 

During the after-glow phase, the pre-glow switch is open, no current 
flows through the gages fuse and the Wait light is off. Currentflows through 
the ECM fuse just as it did during pre-glow. The glow-plug relay is ener- 
gized, the thermal controls continue to heat up and the glow plugs contin- 
ue operating. 

Following the after-glow period, current flows through the ECM fuse, 
the contacts of the over-voltage protector, the coil of the glow plug relay 
(which doesn't energize) and the coil of the reset relay (which does ener- 
gize) and to ground. No current flows through any of the glow plugs. 


Diagnosing the PTC glow-plug system 

Condition 1: When the engine is cold, there's no Wait light 

1 With the ignition in the Run position and the engine off, note whether 
the Charge indicator light is on. If itisn't, check the gages fuse. If the gages 
fuse is good, check the operation of the glow-plug relay by listening for a 
clicking sound. If the relay is clicking, check for a break in the pink and 
black wire between the fuse block and splice S204 (see illustration 
2.112). If the relay doesn't operate, check the pink wires between the igni- 
tion switch and the fuse block. 

2  Unplugthe connector of the thermal controller. Connect the dark blue 
wire (pin A) at the connector to ground with a jumper wire. If the Wait light 
doesn'tgo on, note whether the bulb is burned out. Check for a break in the 
dark blue wire between the thermal controller connector and the Wait light, 
and in pink and black wire between the Wait light and splice S204. 

3 Checkthe connection at ground G104. Hook up one lead of a test light 
tothe red wire terminal of the glow-plug relay and the other lead to ground. 
Thentouchthe lead tothe black wire (pin C) ofthe connector atthe thermal 
controller. If the light comes on, replace the thermal controller assembly. 


Condition 2: The Wait light remains on mare than 15 seconds 

1 With the ignition turned off, check the battery voltage. Charge the bat- 
teries if they're below 10.5 volts (the temperature must be above 0-de- 
grees F to charge the batteries). 

2  Turnthe ignition switch to Run, then to Off. Listen for a clicking sound 
from the glow-plug relay. !f the glow-plug relay is operating, remove the 
thermal controller assembly and replace it. 

3 If the glow-plug relay doesn't operate, check the ECM fuse. Unplug 
the connector at the thermal controller. Hook up a test light between the 
black and pink wire (pin B) and the black wire (pin C) at the harness con- 
nector. Turn the ignition switch to Run. If the test light doesn't come on, 
check the continuity of the pink and black wires. 

4 Ifthe test light comes on when the ignition is turned on, check the con- 
tinuity between pins B and C of the thermal controller. It should be less 
than 75 ohms. If there’s no continuity, remove the thermal controller as- 
sembly from the vehicle, disconnect the glow-plug relay and replace the 
thermal controller. 


Condition 3: The engine doesn’t start when it’s cold (even though 
the Wait light is okay — it goes on, then off) 

1 Isthe cranking speed atleast 100 rpm? If itisn't, check battery voltage 
with a voltmeter. It should be 12.4 volts with the ignition off. 

2  Usinga test light, check for voltage at the pink wire lead at the fuel 
solenoid with the ignition in Run. If there's no voltage, repair the pink wire. 
If the test light comes on, turn off the ignition and check for continuity 
through the fuel solenoid to ground with a self-powered test light. If there's 
no continuity, replace the fuel solenoid. 

3  Checkthe operation of the glow-plug relay. Touch one probe of a test 
light to ground and the other probe to the red wire post of the glow-plug 


relay. With the ignition on, touch the probe to the green wire post of the 
glow-plug relay. The test light should come on if the relay operates. If it 
does, go to the next step; if it doesn't, go to step 7. 

4 Ifthe glow-plug relay operates, turn the ignition off. Unplug all eight 
connectors to the glow plugs. Hook up a self-powered test light between 
the green wire post of the glow-plug relay and ground. At each glow plug, 
touch the harness connector to the spade terminal of the glow plug. If the 
testlight comes on, the glow plug and harness lead are good. Test all eight 
glow plugs this way. Make sure you set each connector aside after testing 
its respective glow plug to prevent accidentally energizing the plug. When 
you're finished, reconnect all eight connectors to their respective glow 
plugs. 

5 If the test light doesn't come on, touch the harness connector to the 
engine block or some other suitable ground. If the light then comes on, re- 
place the glow plug. If the light doesn't come on, replace the wire to the 
glow plug. 

6 Ifall eight glow plugs are open-circuited, replace the thermal control- 
ler. 

7 If the glow-plug relay doesn't operate, and the Wait light is going on 
and off, check the circuit between the thermal controller and the glow-plug 
relay. 

8 Remove the thermal controller assembly and the glow-plug relay and 
have them bench-tested by a dealer service department. Replace as nec- 
essary. 


System No. 4 (early): Fast-glow, thermal controller 
(1982 through 1984 6.2L models) 

The circuit for this system (see illustration) includes an electro-ther- 
mal controller, a glow-plug relay and a glow-plug temperature inhibit 
switch. The glow-plug relay (see illustration) is pulsed on and off by the 
controller to control current flow to the glow plugs and maintain glow-plug 
temperature to prevent overheating. 

The electro-thermal controller, which threads into the water jacket, 
senses engine coolant pressure and contains small electric heaters to op- 
erate three bi-metal switches. Four electrical heaters inside the controller 
alternately heat up and cool down, causing the bi-metal switches to open 
and close the glow-plug relay circuit. 

The circuit for heater H-1 is fed by the glow-plug side of the glow plug 
relay, and gets hot when the glow plugs get hot. It has a resistance of 300 
ohms. This causes switch S-1 to open at 180-degrees F, then close, to 
pulse the glow-plug relay coil and the glow plugs. 

Heater H-2 is energized by alternator output and gets hot when the en- 
gine runs. It has a resistance of 115 ohms. Heater H-2 opens switch S-3 
at 160-degrees F. and keeps the glow-plug relay e-energized when the 
glow plugs are no longer needed. Switch S-2 is activated by heat from 
heaters H-3 and H-4. H-3 has a resistance of 45 ohms, H-4 a resistance 
of 32 ohms. 

The operating temperature of switch S-2 is about 300-degrees F. Heat- 
er H-3 is a low-heat unit and heaier H-4 only supplies heat when switch 
S-2 is open. Switch S-2 is also affected by engine coolant temperature: 
The engine operating temperature, in conjunction with the heat from heat- 
er H-3and watertemperature will open switch S-2. This causes heater H-4 
to warm up and maintain switch S-2 in its open position. 

When the ignition switch is turned to the On position, current flows 
through the gage-idle fuse, the 3 ohm glow-plug relay coil, the closed tem- 
perature switch and closed controller switches S-2, S-1 and S-3to ground. 
This energizes the glow-plug relay, which connects the battery to the eight 
glow plugs. The “glow plugs" light is wired in parallel with the glow 
plugs — when they cycle on and off, so does the glow plugs light. 

When heater H-1 of the controller reaches 180-degrees F, switch S-1 
opens, de-energizing the glow plug relay, and turns off the glow plugs. As 
H-1 cools off, switch 5-1 will close again if the engine isn't started, and turn 
on the glow plugs. The glow plugs and light will continue to cycle on and 
off in this controlled heating mode until the engine is started. 

Once the engine is running, the glow plugs light may pulse for a brief 
period, which is determined by alternator output. The total length of the 
after-glow period is controlled by a signal from the alternator to the control 
system. Current from the alternator entering the controller at pin 1 will 
cause heater H-2 to get hot and open switch S-3 at 160-degrees F. This 
is the end of the after-glow period. 
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2.114 Typical electrical circuit for System No. 4 (early): Fast-glow, thermal controller (1982 through 1984 6.2L engines) 


E *D" TRUCK CUCV 
1982 C, K, P-TRUCK BATTERY & CABLES 


LOW PLUG 
GLOW PLUG 3 RELAY 
RELAY ASM 


GLOW PLUG WIRING 
WIRING HARNESS 


ENGINE WIRING 
HARNESS 


FWD LAMP WRG 
HARN ASM 


ENG WRG 
HARN 


RELAY ASM HARNESS ASM 
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FWD LAMP WIRING 
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2.116 The glow plug controller on early 1982 6.2L 
engines has a small hole in the top through which dirt 
and moisture enter and upset controller operation 


Controller contamination en early 1982 models with 6.2L engines 

On early 1982 models with 6.2L engines, there's a hole at the no. 2 pin 
of the engine wire harness connector for the controller (see illustration). 
Dirt and moisture can enter this hole and corrode the pin connections, 
causing the controller to malfunction. 

If you've got an early 1982 6.2L model, and have experienced poor 
starts, burned glow plugs, etc., remove the connector from the controller 
and inspect it for moisture and dirt. Clean the pin areas on the controller 
and the connector and reinstall the connector. Apply a small amount of 


RTV sealant over the hole at the No. 2 pin to prevent any more dirt or water 
from entering. 

If the controller now recycles correctly, the problem is solved; if it 
doesn't, corrosion of the pins was probably excessive. Replace the con- 
nector. The two wires from the No. 5 and No. 6 pin positions are ground 
wires. The ground connection is at the rear of the right head on a stud 
which also grounds the body ground strap. The stud is on the opposite side 
of the engine from the controller. Make sure the ground connection is se- 
cure. 


Diagnosing System No. 4 problems (1982 through 1984 
models with 6.2L engines) 

You'll need the following tools to perform the diagnostic procedures 
contained below — a digital multimeter, a self-powered test light, a 12-volt 
test light and a volt-ampere tester with an inductive pick-up. You'll need 
the digital multimeter to measure extremely low voltages without burning 
out the delicate circuits in the electronic controller. The self-powered test 
lightis necessary for checking glow-plug continuity in circuit checks where 
no voltage can be applied. The 12-volttest light is handy for checking nor- 
mal 12-voltcircuits. You need the volt-amptesterfor measuring amperage 
draw between left and right glow-plug banks. Note: 7o get a good grasp 
of how System No. 4 works, read through the entire diagnostic section be- 
foretackling any troubleshooting procedures. It's essential that you under- 
stand the interrelatedness of the various system components before 
trying to track down a problem. 


Preliminary checks 

Note: Make sure you read this entire section, steps 1 through 5, before 
proceeding. 

1 Check the operation of the glow plugs. With the ignition switch in the 
Run position, the glow plugs light should come on, and stay on, for 8 to 10 
seconds. When it goes out, start the engine. The light should then cycle a 
few times and go out. If the system doesn't cycle, or continues to cycle, 
repair the glow-plug system. Note: А// 1984 through 1989 systems have a 
temperature inhibit switch which prevents glow-plug operation when the 
engine coolant temperature is above 125-degrees F. 

2 Verify that all the glow plugs are working correctly by performing a pre- 
liminary diagnosis with an ammeter (see illustration). If the giow plugs 


л 


Connect ап ammeter іп series (induction type meter may also be used)* with DK red 
wire leading from the Glow Plug Relay to the LH bank of glow plugs. Operate the 
System and note the ammeter reading. Repeat the procedure for the red wire 
leading from the Glow Plug Relay to the RH bank of glow plugs. Operate the 
SyStem and note the reading. 


G-Van 
50 MIN. 


LH BANK AMMETER READING LESS 
THAN NORMAL 


One or more glow plugs on LH bank not 
operative. Check índividual glow plug 
leads by connecting ammeter in series 
with GRN wire that feeds glow plug. 
Operate the system and note the 
reading on ammeter. Repeat procedure 
for each glow plug. Each individual wire 


2.117 Preliminary diagnosis of the 
glow-plug system with an ammeter 
(1982 through 1984 6.2L engines) 


READINGS NORMAL 


Glow Plugs and harness OK. 


"M using mm in hne ammeter read both banks at once Оо not cut wire 


(Snap-on meter MT552. VAT.40. or equivalent) 


should have a reading of approximately; — — — 


VEHICLE MODEL 
NORMAL AMP READINGS 


CUCV 
35 MIN. 


AMMETER READING NORMAL RH BANK AMMETER READING LESS 
| THAN NORMAL 


One or more glow plugs on RH bank 
not operative, Check individual glow 
plug leads by connecting ammeter in 
series with GRN wire that teeds glow 
plug. Operate the system, note the 
reading on ammeter. Repeat 
procedure for each glow plug. Each 
individuat wire should have ш reading 
of approximately: 


Glow plug operating normally. 


C,K, P = 14 amps cet C cx 
GVan = 13amps 


CUCV = датр5 


READINGS LESS THAN NORMAL 


| 


On those cylinders with less than 
normal readings, check for continulty 
through the harness by disconnecting 
the lead and connecting a 12 volt test 
light from the connector to ground. 
Operate the glow plug system. 


TEST LIGHT LIGHTS TEST LIGHT DOES NOT LIGHT WHEN 


GLOW PLUGS ARE OPERATING 


! 


Repair or replace harness. Retest glow 
plug for proper operation 


Harness OK. Replace glow plug 
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are working correctly, the problem is somewhere else; if they're not work- 
ing correctly, referto the accompanying troubleshooting charts (see illus- 
trations). 

3 Check all fuses, bulbs and grounds before you replace any compo- 
nents. 

4 Make sure that no wires are exposed and all connections are clean 
and dry. 

5 Finally, there are a few other things to look at before you get into the 
troubleshooting procedures: Is the pre-glow timer functioning correctly? 
Does the system have the right controller? Is the engine timing advanced? 
These questions must be answered satisfactorily before tackling the ac- 
companying diagnostic procedures. 


Is the pre-glow timer functioning correctly? 

The glow-plug controller has three internal circuits — a pre-glow timer, 
an after-glow timer and a circuit breaker. Failure of the pre-glow timer will 
cause the circuit breaker to take over. During a cold start, you can deter- 
mine whether the pre-glow timer or the circuit breaker is operating the glow 
plugs by watching what the glow plugs light on the dash does. 

If the pre-glow timer is working properly, the glow plugs light will contin- 


ue cycling on and off as long as the ignition key it turned to On and the en- 
gine is off. If the pre-glow timer isn't working, the glow plugs light will ONLY 
CYCLE ONCE with the ignition turned to On and the engine off. If the cir- 
cuit breaker is controlling the glow plugs, replace the controller. 
Caution: Prolonged operation of the glow plugs with the circuit breaker 
will result in premature failure of the plugs. 


Does the system have the right controller? 

The controller for 6.2L engines has a light gray connector and a silver 
label; the 5.7L controller has a black connector and a gold label. These 
two controllers are NOT interchangeable. They have different resistance 
values. 


Is the engine timing advanced? 

Advanced fuel injection pump timing causes higher-than-normal cylin- 
der temperatures, which will cause the glow plugs to fail. When the timing 
is advanced, some of the glow plugs — but not all eight — won't operate. 
Anormallooking glow plug whichis electrically open, or has a small blister, 
could be due to a glow-plug or a system default. But when a glow plug tip 
has been burned off, it’s most likely the result of advanced engine timing. 


Chart #1 — 8.2 L DIESEL GLOW PLUG 


Engine does not start cole 
“GLOW PLUGS" lamp may or 
may not come on. 
1. Fuel system checked 
and is OK. | 


Current at all 8 wires, but glow 
plugs only come on once. | 


Current all 8 wires and plugs 


Check for glow 
using clamp on 


um MT-552 or equivalent) clamp 
around dark green wire leading 


ELECTRICAL SYSTEM DIAGNOSIS 


2. Battery voltage is 10 volts 
or more when giow plugs 
cycle on. 

3. Cranking speed OK (100 
RPM or more). 


plug current 
ammeter. (Snap- 


—————————» NO current adl one or more wires. 
One or more glow plugs not 


functional. (Approx. 15 amps per 
plug). 


cycle on and off. Glow plu to each plug. 
Check for open circuit in GRN. Rum IMS um" — i 
wire from controller to splice cause of hard starting. No Current 


503. | 


If OK, go to chart "THERMAL 
CONTROLLER CHECK” 


p E a CHECK 20 AMP FUSE ——— —————————e- Fuse Blown 
і 


Disconnect glow plug relay 
Fuse OK connector ШІ relay. Install new 20 
amp fuse and turn ignition to run. 


Listen for glow plug relay 
operation. Should be clicking an 
and off if engine is cold. 


Fuse т”, Fuse ОК 


Locate and repair short circuit In Reconnect glow plug relay 


Relay Not Operati Relay Operati one of the following: connector 
y i pe ng y M ng 1. Cold Adv/fast idle temp. 
Switch, fuel heater, or 
- To Chart Connect 12-volt test light to solenold circuits. 
"RELAY NOT OPERATING" ground. Touch the glow plug 2. L.D. only, throttle switch Eis 
relay terminal with 8 fusible links. circuits EPR, EGR, and TCC Fuse Fuse OK 
Test light should turn on and off Solenoids. t ' 
жз controller operates relay. Locate and repair short in wire Locate and repair intermittent 
from reiay to connector and Short in glow plug relay coil feed 
(owen qp plug relay. Circuit (circuit breaker heater in 
о e in 1982). (If the diode controller may be damaged), 
u м oy Test Light Ол Steady Test Light i aa ы чы 
оте Оп 6 circuit breaker heater In the 
{ Тигпв Оп ond Oft controller may be damaged). 


Relay contacts shorted. Replace 
glow plug relay and all glow 
plugs. 


Touch test light to single red wire 
terminal (Batt. feed) on glow plug 


Touch h 
ебу. ouch each glow plug harness 


terminal with 12-volt test light 
connected to ground. Test light 
should pulse on/off. 


Test Light On Test Light Cif Test Light Comes On, 


Test Light Dces Not 
All В Wire Terminals 


Come On, One Or 
Locate and repair open circuit їп More Terminals 
red wire from glow plug relay to 
battery. 


Replace relay. 


(Contacts burned). Disconnect harness from all glow 


plugs. Connect test light to 12- 
volt source and touch each glow 
plug terminal. Light should be on. 
Replace glow plug if light is off. 


Repair open circuit in glow plug 
harness. If open circuit is caused 
by burned wire, glow plug is 
shorted and should ёш replaced, 
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Chart #2 
RELAY NOT OPERATING 


With ignition in run connect 12- 
volt test light to ground and 
touch pink/blk wire in glow plug 
relay connector 


Light On kl Eo ЕБЕ Light Off 


y «ж i 


Touch light blue wire terminal at Repair open circuit in pink/bik 
glow plug relay connector wire from glow plug relay 
П 
Light Off і Light On 
(1982-83 models without (1984 models and 1982-83 
shutdown switch). models with shutdown switch). 


Replace glow 


plug relay. 1 i 
[ 
! 
| Disconnect the glow plug 
| shutdown connector from the 
П glow plug shutdown switch and 
| touch light blue wire ih connector. 
[ 
[ 
[ 
| 
1 
| 
| Light Off Lp On 
| Џ Reconnect the glow plug 
| | Repair open circuit in light blue shutdown connector to the glow 
! wire from connector to glow plug plug shutdown switch and with 
| relày. engine coolant temperature less 
i than 110°F, touch the light 
l blue/black wire. 
i 
! Light On Light Off 
i t t 
| Disconnect connector at thermal Replace glow plug shutdown 
! controller and touch blue wire temperature switch. 
i terminal in connector. 
Light On Light Off 
Connect test light to 12-volt Repair open circuit in light blue 
source and touch pin 5 and pin 6 wire from controller to glow plug 
black wires. relay 
А А ight Off Either/Or 
Light On Wire L А 
ghto ita E Both Wires 
Go to "THERMAL Repair open circuit 
CONTROLLER CHECK" in black wires or bad ground 


connection to engine. 
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2.119 Terminal guide for glow plug control switch on 
1982 through 1984 6.2L engines 


Checking the system circuits at the connector for the 

glow-plug controller 

1 Check the resistance at pin 1 (brown wire). If the engine's off, there 
should be zero resistance in the brown wire to the alternator. Now check 
the voltage at pin 1 with the engine running. There should be alternator 
voltage at the pin. Now check the voltage at pin 1 with the engine off. If 
there’s still battery voltage present, the alternator has blown a diode (see 
below). 

2 Рїп 2: There's no connection to this pin on 1982 vehicles. On 1983 
and 1984 vehicles, there may be a white tube or a wire to this pin, but it's 
only purpose is to seal the connector in position. It's hooked to the wire 
harness. DO NOT GROUND THIS PIN FOR ANY REASON, or you will 
upsetthe operation of the controller and may even damage the glow plugs. 
3  Theblue wire at Pin 3 should have battery voltage when the ignition 
key is turned on. 

4  Pin4(orange wire 82MY and dark green wire 83, 84MY) should have 
continuity with the twin-red-wire terminal on the glow-plug relay. 

5  Pin5 (black wire) should have continuity with Pin 6 (black wire) and 
with ground. 

6 Pin 6 shoud have continuity with Pin 5 (see previous step). 


When a diode dies 

When the diode fails in the alternator, battery voltage can get to the 
glow-plug controller even with the key off and the engine stopped! This 
battery voltage is usually supplied to pin 1 (see above) in the glow-plug 
controller from the alternator after the engine starts. In effect, this voltage 
“tells” the controller that the engine has started and shuts off the glow-plug 
heating cycle. 

If the engine has been hard to start, and no glow plugs have been 
heating, and you have verified that a diode failed (see above), follow this 
procedure: 


1 With the ignition key off and the engine stopped, check for voltage in 
the brown wire that goes from the alternator to the glow-plug controller. 
2  Ifvoltageis present, disconnectthe wire from the alternator. Check for 
voltage in the brown wire again — there shouldn't be any. (If the key is on, a 
low valtage — about three volts — will be present in a properly functioning 
system). 

3  Waitfor at least 15 minutes (so the controller can cool off). 

4  Turnthe key on again. If the glow plugs now heat, the problem was a 
diode in the alternator. 


Checking the operation of the glow-plug controller 
Note: The engine must be cold and the ignition switch must be off for the 
following test. 


Q1 Hook up a multimeter between the negative side (blue wire) of the 
power relay and ground. 

2 Turn the ignition switch on and watch the meter. Depending on the 
coolant temperature, it should read about two volts DC for about 4 to 10 
seconds. If the engine isn't completely cooled down, you'll probably get a 
continuous voltage reading of 12 volts (battery voltage). 

3  Thisinitial reading should be followed by an on-off cycle of 12-volts, 
then 2-volts, then 12-volts, then 2-voits, etc. You should also hear the pow- 
er relay making an audible clicking sound as it turns on and off. 

4 Ifthe voltage reading is as specified, the controller is working normal- 
ly. If it isn't, replace the controller. 

5  Disconnect the positive lead of the meter from the power relay coil 
and connect it to the relay output. 

6 With the ignition switch still on, the meter should continue to repeat 
the on-off cycle described above. 

7 If it does, the correct voltage is being applied to the glow plugs. 


Checking the thermal controller 

1  Unplug the connector from the glow-piug controller. 

2  Usinga high impedance digital ohmmeter set to the 200 ohm scale, 
measure the resistance between the indicated terminals of the controller 
bimetal heaters (see illustration). Between pins 2 and 3, the resistance 
should be 0.40 to 0.75 ohms; between pins 4 and 5, the resistance should 
be 24 to 30 ohms; between pins 1 and 5, the resistance should be 117 to 
143 ohms; and between pins 2 and 6, the resistance should be zero (there 
should be continuity). 

3 Ifthe indicated resistance values between the indicated pins aren't as 
specified, replace the controller. 

4 | Ifthe controller checks out satisfactorily, plug in the harness connec- 
tor and note whether the controller cycles on and off more than once when 
you turn the ignition key on (don't start the engine). 

5 If the controller cycles more than once, and the resistance measure- 
ments were as specified, the controller is good. 

6 һе controller cycles only once, it's bad, or there's a problem in the 
wire harness. Refer to the accompanying Glow Plug Electrical System 
Diagnosis chart (see illustrations 2.118a and 2.118b). 
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2.120 Temperature inhibit switch circuit (1984 through 1989 6.21. engines) 
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2.121 Temperature inhibit switch location 
(1984 through 1182 6.2L engines) 


Glow-plug temperature inhibit switch (1984 through 1809 models 


with 6.2L engines) 

Diesel engines which are already warmed up, and engines operated 
in warm climates, don't always require glow-plugs to help them start. GM 
installed a temperature inhibit switch (see illustration) in the glow-plug 
systems on 1984 through 1989 vehicles with 6.2L engines. The inhibit 
switch is located in the wire between the glow plug relay and pin 3 of the 
controller, which is located in the rear of the right (passenger's side) cylin- 
der head, across from the glow-plug controller (see illustration). The 
switch opens above 125-degrees F and turns off the glow plugs. This re- 
duces needless glow-plug cycling, which gives the glow plugs a longer 
service life. As a result of improvements in the design of the controller in 
the latest version of the system, the switch was dropped after 1989. 


Installing the glow-plug inhibit switch om earlier 6.2L diesels 

If you own a 1982 or 1983 C, K, Gor P truck with a 6.2L diesel engine, 
you can retrofit an inhibit switch to prolong the service life of the glow 
plugs. 
1 Disconnect the cables from the negative terminals of the batteries. 
2 Drain some of the coolant. 
3 Replace the cover on the right rear head (see illustration) with the 
1984 through 1989 style cover (part no. 14028949, the same cover as the 
one on the left head). Use a new gasket (part no. 14028951). 
4  Coatthe threads of the new temperature switch (part no. 15599010) 
with pipe thread sealer, install the switch and tighten it to 13 to 20 ft-lbs. 
5 Replace any lost coolant. 
6 Referring to the accompanying wiring schematic (see illustration), 
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2.122 To retrofit a temperature inhibit switch кп 1982 and 1983 C, K, G and P trucks with a 6.2L engine, you'll need to 
replace the steel cover into which the switch is installed 
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30 
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903 CKT. LT. BLUE/BLK. 1.0MM?, 950 MM. LONG (37.4-INCHES) 
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CONNECTOR 
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Use with Temperature Switch #15589010 in 6.2L Diesel Engine. 
Connector Body #2977253 also required. 


2.123 Here's how the mew circuit looks with the inhibit switch installed (1982 and 1983 С, K, С and P trucks with 6.2L engine) 
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2.124 To modify the four-way engine harness connector, 

remove the female terminal of the light blue wire from the 

engine-harness half of the connector assembly, install the 

пит connector body (part по. 2977253) at this terminal, plug 
the mating connector of the new jumper wire assembly 
(light blue wire with black stripe) into the new connector 
body, insert the female terminal of the jumper wire 
assembly into the empty cavity of the four-way connector 
and reconnect the connector (1982 and 1983 C, K, G and P 
trucks with 6.2L engines) 


connectthe glow-plug inhibit wire assembly to the switch with the light blue 
wire (the one without the stripe), where the wire terminal mates with the 
switch terminal. 

7 Route the wire assembly toward the left side of the vehicle and strap it 
to the engine harness as required. 

8 Unplug the four-way engine harness connector (see illustration) 
from its mate on the glow-plug relay extension harness (part no. 12031 
1493). 

9 Remove the female terminal of the light blue wire from the engine har- 
ness four-way connector and install connector body (part no. 2977253) on 
this terminal. Plug the mating connector on the new jumper wire assembly 
(light blue wire with the black stripe) into 2977253. 


10 Insertthe female terminal of the jumper wire assembly into the empty 
cavity of the four-way connector. Reconnect the four-way connectors. 
11 Reconnectthe batteries. 


Curing engine run-on on 1983 G-model trucks with 6.2L engines 
On 1983 G-model trucks, an electrical feedback signal from the alter- 

nator can cause the engine to continue running with the key in the Off posi- 

tion. This signal prevents the injection pump solenoid from shutting off the 

fuel supply. To correct this condition, you'll need to install a jumper wire 

kit (part no. 12038051) as shown (see illustration). (This jumper assem- 

bly was installed by the factory in G-trucks manufactured after March 

1983). 

1  Detach the cable from the negative battery terminal. 

2 Remove the engine harness connector at the firewall. 

3 Looking into the terminal end of the bulkhead connector, locate the 

#25 circuit (brown wire) and remove it. 

4  Insertthe end of the jumper harness into the bulkhead connector. 

5  Usingtheterminal supplied with the jumper wire kit, connect the other 

end of the #25 circuit (brown wire) to the jumper harness. 

6 Attach the connector to the firewall. 

7  Reattach the cable to the negative battery terminal. 


System No. 4 (later): Electronic glow-plug control system 
(1985 and later 6.2L models) 


The glow-plug system on 1985 and later vehicles with 6.2L engines 
consists of an integral electronic controller/glow-plug relay assembly, 
eight six-volt glow plugs, a glow-plug light and a glow-plug inhibit tempera- 
ture switch. 

The electronic controller/glow-plug relay assembly contains the cir- 
cuitry which monitors and controls the operation of the glow-plug relay. In- 
puts at pins B and C of the controller (see illustration) provide the 
information it needs to determine the operating requirements of the glow 
plugs. Pin B senses "engine cranking." Pin C senses glow-plug voltage 
through the glow-plug inhibit switch, which is wired in series with the glow- 
plug voltage sensor lead to the glow plugs. The electronic controller is 
mounted on the rear of the left head. 

The glow-plug inhibit switch opens at about 125-degrees F to prevent 
operation of the glow plugs above this temperature. There must be battery 
voltage at pin C of the controller to prevent an operational amplifier inside 
from inverting to ground. If this occurs, the transistor that turns on the glow 
plug relay opens, preventing the glow plug from operating. 


BULKHEAD CONNECTOR 


2.125 Installation details for installation 
of jumper wire harness on 1983 
G-modeltrucks with 6.2L engines 
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2.126 Typical electrical circuit for 
System No. 4 (later): Electronic 
glow-plug control system 
(1985 and later 6.2L engines) 
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Here's how the circuit works: When you turn on the ignition key (engine 
not running and at room temperature), the glow plugs go on for 4 to 6 sec- 
onds, then off for about 4.5 seconds; after that, they cycle on for about 1.5 
seconds, then go off for about 4.5 seconds, then on for another 1.5 sec- 
onds, then 4.5 off, etc. for a total duration of about 25 seconds (including 
the initial 4 to 6 seconds). 

If you crank the engine during, or after, the above sequence, the glow 
plugs will cycle on and off for a total duration of 25 seconds AFTER the 
ignition switch returns fromits cranking position, whether the engine starts 
or not. The engine doesn't have to be running to terminate glow-plug cycl- 
ing. 

Thecycling times used here are approximations —they vary somewhat 
in accordance with engine temperature. The initial *on" time and the on 
and off cycling time also vary, depending on system voltage. Longer "on" 
times are produced by lower voltage and/or temperature. The duration of 
the cycling time is lengthened by a lower voltage and/or temperature. The 
inhibit switch is calibrated to 125-degrees F; above this temperature, the 
switch opens and the glow plugs aren't energized. The "always closed" 
switch is always on, and the glow plugs will energize unless the engine 
temperature is above 110-degrees F. 

If the system doesn't operate as described here: 

1 Checkallconnectors and verify that they're a tight fit. The ground con- 
nection for the engine harness is critical on all 6.2L diesels. Make sure the 
nut is tightened securely and the ground ring terminal is tight. 

2 Check the four-wire connector on the controller. If it isn't fully seated 
and latched, the glow plugs may not function. 

3 Check both stud nuts on the controller. Make sure they're tight. 

4 Check the temperature switch connector at the glow-plug inhibit 
switch, or the "always closed" (always on) switch. If this connection isn't 
good, the glow plug won't come on (and engine temperature must be be- 
low 110-degrees F for the plugs to operate). 

5 Ifthe glow plugs function normally, but the “glow plugs" light doesn't, 
checkthe connections in the harness behind the instrument panel and the 
bulb in the dash. 

6 Ifall connections are intact, but the glow plug system doesn't operate 
as described, proceed to the general electrical diagnosis chart (see illus- 
tration). 


Diagnosing the glow-plug system 

If the glow-plug system still fails to work correctly, follow the trouble- 
shooting procedure outlined in the accompanying diagnostic flow chart 
(see illustration) to troubleshoot a problem with the glow plug system. 
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Diagnosing a "no after-glow" problem 

The glow-plug controller provides glow-plug operation after starting a 
cold engine. This after-start operation is initiated when the ignition switch 
is returned to Run from the Crank position. Loss of the after-start operation 
can result in excessive white smoke and/or poor idle quality after starting. 
To check for proper operation of this circuit: 
1 Turn the ignition switch to the Run position and allow the glow plugs to 
cycle. 
2 Wait two minutes, then turn the ignition switch to Crank for about one 
second (the engine need not actually start) and return to Run. The glow 
plugs should cycle on at least once. 
3 If the glow plugs don't turn on, unplug the controller connector and 
check the B terminal of the harness connector with a grounded 12-volttest 
light. The light should be off with the ignition switch in the Run position, and 
on with the switch in the Crank position. 
4 Ifthe light doesn't operate correctly, repair a short or open in the pur- 
ple wire of the engine harness. 
5 Ifthe light operates correctly, but the after-glow feature doesn't, re- 
place the controller. 


Block heater — check and replacement 

If the temperature drops below 32-degrees F for engines with 30W oil, 
or below 0-degrees F for engines with 15W-30 or 10W-30, the block heater 
mustbe used to warm up the block so the engine can turn over fast enough 
to start. The block heater is located on the left or right side of the engine 
block, in the center freeze plug hole in the block. The block heater is de- 
signed to plug into a three-prong (grounded) 110-volt A.C. outlet. If you 
have to use an extension cord between the heater cord and the wall outlet, 
make sure you use a heavy-duty cord with a grounded three-prong plug; 
a smaller household-type cord will overheat and could cause a fire. 

Leave the heater on for at least two hours to warm up an engine with 
30W oil when the temperature is between 0 and 32-degrees F; leave it on 
for atleast eight hours to warm up engines with 30W, 15W-40 or 10W-30 
oil when the temperature drops below 0-degrees F. After using the block 
heater, always store the cord properly to keep it away from hot or moving 
parts. 


Check 

1 Check the cord for continuity. Unplug both ends and test the wires 
with an ohmmeter or continuity tester. There are three separate wires, the 
center one is a ground and the two outer ones are "live". Look for damage 
such as opens and shorts, and replace the wire if necessary. 
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ЕЈ LITER DIESEL ELECTRICAL SYSTEM DIAGNOSIS 


ENGINE CONTINUES TO RUN 
IGNITION KEY OFF 
ENGINE CONTINUES 

TO RUN 


Disconnect pink wire at 
injection pump solenoid. 


ENGINE CONTINUES ENGINESTOPS 


TO RUN 
Check ignition switch 
adjustment. If OK, 
replace ignition switch. 
Stop engine Check ign. sw. assoc. 
Remove injection wiring. 
pump for repair. l 


Check for loose Bt wire 
at generator. 


SOLENOID DOES NOT 
RETRACT 


Check throttle linkage 
or solenoid plunger for 
binding. If linkage is 
OK, replace solenoid. 


AFTER ENGINE STARTS — 20 AMP FUSE OK 


(All open circuit in the orn wire from controller 
to glow plug relay or an open heater element 
between pin # and 5 of the controller will cause 
this condition) 


ENGINE STAYS ON FAST IDLE | 
AT ALL TIMES 


Turn А/С off, ignition oa and disconnect 
fast idle solenoid — dark green wire. 


SOLENOID RETRACTS 


{ 
Connect solenoid wire. Open 
throttle slightly. Disconnect 
2-wire connector at fast idle 
temperature sw. 


SOLENOID RETRACTS 


ENGINE RUNS ROUGH ON COLD START 
GLOW PLUGS NOT CYCLING ON AND OFF 


Check continuity of 
temperature switch with 
self powered test light 
(KD-125 or equiv): 
continuity below 90°F, 

no continuity above 122*F . 
Replace switch if bad. 


| 


WITH IGN OFF 
Using self powered test lite 


NO CONTINUITY ——» 


check continuity of orn 


Repair open wire from pin 4 of 
circuit in orn controller, to the glow 
wire from plug relay. 

controller to 

relay. CONTINUITY 


Disconnect controller 
connector and using a 
high impedance millimeters 


INCORRECT READING 
—— > OR OPEN CIRCUIT — 
Controller is defective. 


check pin 4 to pin 5 
resistance (should be 
27 + 23) 


2.127 General electrical troubleshooting chart for 1985 and later 6.2L engines 


————————————————————————M—M————Ó À——— a —M— € € —M 


2 Ifthe wires are OK, connect an ohmmeter to the two terminals of the 
block heater. There should be a very low resistance reading (near zero). If 
the ohmmeter shows the heating element to be open (infinite ohms), re- 
place the block heater. 

3 Ifthe previous checks indicate no problems, choose a double electri- 
cal outlet and plug a work light into it. Then plug the heater into the other 
side of the outlet. The light should dim slightly. If it does, current is flowing 
to the block heater. Check for heating by feeling near the block heater. If 
heat is given off, the unit is working. 

4 Ifthe light doesn't dim and no heat is given off, replace the block 
heater. 


Replacement 

Warning: Allow the engine to cool completely before following this proce- 
dure. 

1 Drain the coolant (see the Maintenence portion of this Chapter). 

2  Unplug the electrical connector from the block heater. 

3 Remove the center screw and pull the block heater out of the engine. 
4 Clean the sealing surfaces in the engine block and install the block 
heater. Be sure the seal is intact and tighten the center screw securely. 
5 Connect the power cord. 

6 Refill and bleed the cooling system. 

7  Testthe block heater as described previously. 

8 Run the engine and check for coolant leaks. 


Charging system — general information 
and precautions 


The charging system includes the alternator, an internal voltage regu- 
lator, a charge indicator, the battery, a fusible link and the wire between 
allthe components. The charging system supplies electrical power for the 
ignition system, the lights, the radio, etc. The alternator is driven by a drive- 
belt at the front of the engine. 

The purpose of the voltage regulator is to limit the alternator's voltage 
to apreset value. This prevents power surges, circuit overloads, etc., dur- 
ing peak voltage output. 

The fusible link is a short length of insulated wire integral with the en- 
gine compartment wiring harness. The link is four wire gauges smaller in 
diameter than the circuit it protects. Production fusible links and their iden- 
tification flags are identified by the flag color. 

The charging system doesn't ordinarily require periodic maintenance. 
However, the drivebelt, battery and wires and connections should be in- 
spected at the intervals outlined at the beginning of this Chapter. 

The dashboard warning light should come on when the ignition key is 
turned to Start, then go off immediately. If it remains on, there’s a malfunc- 
tion in the charging system (see the following Section). Some vehicles are 
also equipped with a voltmeter. If the voltmeter indicates abnormally high 
or low voltage, check the charging system. 
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1985 and Later Glow Plug System Diagnosis (C/K, R/V, G, P) 


Engine does not start cold - “GLOW PLUGS" lamp may or may not come "ON" 


1. Fuel system checked and is OK. 

2. Battery voltage is 12.4 volts or more with IGN "OFF." 

3. Cranking speed OK (100 RPM or more). 

4. Reference electronic glow plug system Figure 6-33 for wiring harness terminal identification. 


Use voltmeter to measure vóltage at battery stud (single red wire) on glow plug controller. 


Battery Voltage No Voltage 
With ignition key “OFF” measure voltage at glow plug Locate and repair battery to glow plug controller circuit. 
feed stud (twin lead) on giow plug controller. 
No Voltage Battery Voltage 
Disconnect harness from all glow plugs. Use ohmmeter Relay contacts shorted. Replace glow plug controller 
to measure continuity between glow plug terminal апа and all g'ow plugs. 


engine block (ground). Replace glow plug if 
measurement is greater than 2 ohms. Reconnect all 
glow plugs before continuing with diagnosis. p 


Remove controller connector and measure voltage at harness connector terminal “D” with the ignition key in “RUN.” 
(1988 with LH6, remove coolant sensor harness connector before measurement.) 


Ignition Voltage Ма Voltage 
Measure continuity between terminal “E” of connector Locate and repair ignition feed circuit to controller. 
and engine block (ground). If measurement is greater (1988 with LH6, refer to cold advance electrical 
than 1 ohm, locate and repair ground circuit to system check.) 


controller. 


Measure continuity between terminals "C" and "E" of connector. 


Less than 2 ohms Greater than 2 ohms 
Reconnect controller harness connector and ensure Remove connector from temperature inhibit switch 
complete engagement (connector locking latch should (not used on 1988 with LH6) and measure continuity 
"click" over controller locking tab). Measure the voltage between the two terminals on the switch. (Open 


at glow plug feed stud (twin lead) on glow plug controller above 125°F.) 
when turning the ignition key from "OFF" to "RUN." 


Less than 1 ohm Greater than 1 ohm 
Locate and repair circuit Replace temperature 
between connector at Switch and return to 
pin C and glow plugs. terminal "C" to “E” 
continuity test. 
Battery Voltage No Voltage 
Measure the voltage at any one glow plug harness Replace glow plug controller. 


connector (test both right and left banks) when turning 
the ignition key from "OFF" to "RUN." 


Battery Voltage No Voltage 


If instrument panel "GLOW PLUG" lamp does not come Locate and repair glow plug feed circuit to glow plugs. 
"ON," locate and repair bulb or circuit. 


2.128 Glow-plug system troubleshooting chart for 1985 and later 6.2L engines 
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2.130 Typical alternator mounting details 


Be very careful when making electrical circuit connections to a vehicle 
equipped with an alternator and note the following: 

а) When reconnecting wires to the alternator from the battery, be sure 
to note the polarity. 

Before using arc welding equipment on the vehicle, disconnect the 

wires from the alternator and the battery terminals. 

c) Never start the engine with a battery charger connected. 

d) Always disconnect both battery cables before using a battery char- 
ger. 

e) The alternator is turned by an engine drivebelt which could cause 
serious injury if your hands, hair or clothes become entangled in it 
with the engine running. 

f) Sincethe alternator is connected directly to the battery, it could arc 
or cause a fire if overloaded or shorted out. 

g) Wrap a plastic bag over the alternator and secure it with rubber 
bands before steam cleaning the engine. 


b 
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Charging system — check 
1 lfacharging system malfunction occurs, don't immediately assume 
the alternator is causing the problem. First check the following items: 
a) Check the drivebelt tension and condition. Replace it if it's worn or 
deteriorated. 
b) Make sure the alternator mounting and adjustment bolts are tight. 
с) Inspect the alternator wiring harness and the connectors at the al- 
ternator and voltage regulator. They must be in good condition and 
tight. 


d) Checkthe fusible link (if equipped) located between the starter so- 
lenoid and the alternator. If it's burned, determine the cause, repair 
the circuit and replace the link (the engine won't start and/or the ac- 
cessories won't work if the fusible link blows). Sometimes a fusible 
link may look good, but still be bad. If in doubt, remove it and check 
for continuity. 
Start the engine and check the alternator for abnormal noises (a 
shrieking or squealing sound indicates a bad bearing). 
f) Check the specific gravity of the battery electrolyte. If it's low, 
charge the battery (doesn't apply to maintenance free batteries). 
Make sure the battery is fully charged (one bad cell in a battery can 
cause overcharging by the alternator). 
Disconnect the battery cables (negative first, then positive). In- 
spect the battery posts and the cable clamps for corrosion. Clean 
them thoroughly if necessary. Reconnect the cable to the positive 
terminal. 

i) With the key off, connect a test light between the negative battery 

post and the disconnected negative cable clamp. 

1) If the test light does not come on, reattach the clamp and pro- 
ceed to the next step. 

2) Ifthetestlight comes on, there is a short (drain) in the electrical 
system of the vehicle. The short must be repaired before the 
charging system can be checked. 

3) Disconnect the alternator wiring harness. 

(a) If the light goes out, the alternator is bad. 

(b) If the light stays on, pull each fuse until the light goes out 

(this will tell you which component is shorted). 

2 Using a voltmeter, check the battery voltage with the engine off. It 
should be approximately 12-volts (see illustration). 
3  Starttheengine and check the battery voltage again. It should now be 
approximately 14-to-15 volts. 
4 . Turnonthe headlights. The voltage should drop, and then come back 
up, if the charging system is working properly. 
5 Ifthe voltage reading is more than specified, the voltage regulator 
must be replaced. If the voltage is less, the alternator diodes, stator or rec- 
tifier may be bad or the voltage regulator may be malfunctioning. 
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Alternator — removal and installation 


1 Detach the cable from the negative terminal of the battery. 

2  Onvanmodels, remove the air cleaner and hoses and oil dipstick, for 
access. On all models, detach the wires from the alternator. 

3 Remove the alternator drivebelt 

4  Removethe mounting bolts and separate the alternator from the en- 
gine (see illustration). 

5 Ifyou’re replacing the alternator, take the old one with you when pur- 
chasing the replacement. Make sure the new/rebuilt unit looks identical to 
the old one. Look at the terminals — they should be the same in number, 
size and location as the terminals on the old alternator. Finally, look at the 
identification numbers stamped into the housing or printed on a tag at- 
tached to the housing. Make sure the.numbers are the same on both alter- 
nators. 

6 Many new/rebuilt alternators DO NOT have a pulley installed, so you 
may have to switch the pulley from the old unit to the new/rebuilt one. 
When buying an alternator, find out the shop’s policy regarding pulleys — 
some shops will perform this service free of charge. 

7 installation is the reverse of removal. 

8 After the alternator is installed, check the drivebelt tension. 


Starting system – general information and precautions 

The sole function of the starting system is to turn over the engine quick- 
ly enough to allow it to start. 

The solenoid/starter motor assembly is installed on the lower part of 
the engine, next to the transmission bellhousing. 

The starting system consists of the battery, the starter motor, the start- 
er solenoid and the wires connecting them. The solenoid is mounted di- 
rectly on the starter motor. 

When the ignition key is turned to the Start position, the starter sole- 
noid is actuated through the starter control circuit. The starter solenoid 
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2.131 There are three terminals on the end of a typical 
starter solenoid 


C Motor terminal (M) 


A Battery terminal 
B Battery terminal (S) 


then connects the battery to the starter. The battery supplies the electrical 
energy to the starter motor, which does the actual work of cranking the en- 
gine. 

The starter motor on a vehicle equipped with a manual transmission 
can only be operated when the clutch pedal is depressed; the starter on 
a vehicle equipped with an automatic transmission can only be operated 
when the shift lever is in Park or Neutral. 

Always observe the following precautions when working on the start- 
ing system: 

a) Excessive cranking of the starter motor can overheat it and cause 
serious damage. Never operate the starter motor for more than 15 
seconds at a time without pausing to allow it to cool for at least two 
minutes. 

The starter is connected directly to the battery and could arc or 

cause a fire if mishandled, overloaded or shorted out. 

с) Always detach the cable from the negative terminal of the battery 
before working on the starting system. 


b 


wa 


Starter motor — check 


1 If the starter motor doesn't turn at all when the switch is operated, 
make sure the shift lever is in Neutral or Park (automatic transmission) or 
the clutch pedal is depressed (manual transmission). 

2 Make sure the battery is charged and all cables, both at the battery 
and starter solenoid terminals, are clean and secure. 

3 Ifthe starter motor spins but the engine doesn't turn, the overrunning 
clutch in the starter motor is slipping and the stater motor must be re- 
placed. 

4 If, when the switch is actuated, the starter motor doesn't operate at all 
but the solenoid clicks, then the problem lies with either the battery, the 
main solenoid contacts or the starter motor itself (or the engine is seized). 
5 _ Ifthe solenoid plunger cannot be heard when the switch is actuated, 
the battery is bad, the fusible link is burned (the circuit is open) or the sole- 
noid is defective. 

6  Tocheckthe solenoid, connect a jumper wire between the battery (+) 
and the ignition switch wire terminal (the small terminal) on the solenoid. If 
the starter motor now operates, the solenoid is okay and the problem is in 
the ignition switch, neutral start switch or the wires. 

7 Ifthe starter motor still does not operate, remove the starter/solenoid 
assembly for disassembly, testing and repair. 

8 Ifthe starter motor cranks the engine at an abnormally slow speed, 
first make sure the battery is charged and all terminal connections are 


2.132 Starter motor mounting details 


tight. If the engine is partially seized, or has the wrong viscosity oil in it, it'll 
crank slowly. 

9 Run the engine until normal operating temperature is reached, then 
disconnect the coil wire from the distributor cap and ground it on the en- 
gine. 

10 Connecta voltmeter positive lead to the positive battery post and con- 
nect the negative lead to the negative post. 

11 Crank the engine and take the voltmeter readings as soon as a steady 
figure is indicated. Do not allow the starter motor to turn for more than 30 
seconds at atime. A reading of 9-volts or more, with the starter motor turn- 
ing at normal cranking speed, is normal. If the reading is 9-volts or more 
but the cranking speed is slow, the motor is faulty. If the readingis less than 
9-volts and the cranking speed is slow, the solenoid contacts are probably 
burned, the starter motor is bad, the battery is discharged or there’s a bad 
connection. 


Starter motor — removal and installation 


1 Detach the cable from the negative terminal of the battery. 

2 Raise the vehicle and support it securely on jackstands. 

3 Clearly label, then disconnect the wires from the terminals on the 
starter motor and solenoid (see illustration). 

4  Removethe mounting bolts and detach the starter, taking care to note 
the number and location of any shims (see illustration). 

5 Installation is the reverse of removal. 


Emissions control systems 


General information 


GM diesels are equipped with several emission controls devices (see 
illustrations). All engines have some sort of crankcase ventilation sys- 
tem to reduce crankcase pressure at idle. A Positive Crankcase Ventila- 
tion (PCV) system is used on 1978 through 1980 5.7L engines; these 
engines, and 1981 California models, also use a flow control valve. A 
Crankcase Depression Regulator (CDR) replaces the PCV system on 
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2.133a Typical emission 
control component locations 
(5.7L engines) 
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2.133b Typical emission control component locations 


2.133c Typical emission control component locations 
(6.2L engines) 


(Federal C and K trucks with LH6 version of 6.2L engine) 
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2.133d Typical emission control component locations 


2.133e Typical emission control component locations 
(Federal G trucks with LH6 version of 6.2L engine) 


(LL4 version of 6.2L engine) 
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2.134 Typical Positive Crankcase Ventilation (PCV) 
system (all 1978 through 1980 5.7L engines and 1981 
California-spec 5.7L engines) 


1981 through 1984 5.7L engines; the CDR system is also used on all 6.2L 
engines. 

All 1980 through 1984 5.7L engines are equipped with an Exhaust Gas 
Recirculation (EGR) system to reduce oxides of nitrogen (NOx) at idle and 
during the partial loads of around-town driving; all LH6 versions of the 6.2L 
engine also use an EGR system. An Exhaust Pressure Regulator (EPR) 
is used on 1981 5.7L EGR systems and on LH6 versions of the 6.2L EGR 
System. 


The injection pumps on 5.7L engines and LL4 versions of the 6.2L en- 
gine are equipped with a Vacuum Regulator Valve (VRV); the pumps on 
LH6 versions of the 6.2L engine use a Throttle Position Switch (TPS) in- 
stead. 

GM emission systems are controlled by the Diesel Electronic Control 
System (DECS). The brain of the DECS system is the Electronic Control 
Module (ECM). The ECM monitors inputs such as engine rpm, vehicle 
speed, manifold absolute pressure, the metering valve sensor, the trans- 
mission gear position, coolant temperature, the brake switch and the A/C 
system. The ECM uses this information to control the Exhaust Gas Recir- 
culation (EGR) system, the Exhaust Pressure Regulator (EPR), the 
Transmission Control Clutch (TCC), the Housing Pressure Cold Advance 
(HPCA), the Altitude Fuel Limiter (AFL) and the Check Engine Light 
(CEL). On 6.2L engines, there are two versions of DECS — one is for Fed- 
eral models and the other is for California. 


Positive Crankcase Ventilation (PCV) system 
(5.7L engines only) 


Early 5.7L engines (all 1978 through 1980 models and 1981 California 
models) use a Positive Crankcase Ventilation (PCV) system (see illustra- 
tion) similar to those found on conventional gasoline engines. Fresh air 
enters the crankcase through a filter/check valve located in the oil fill tube 
cap atthe front of the engine. Ventilation vapors are drawn from the valve 
covers into the rear of the air intake crossover. If the air cleaner becomes 
clogged, the normally low level of purging can increase dramatically and 
suck oil into the system; a ventilation flow control valve in the air crossover 
prevents this from happening. 

The PCV systems on all but the earliest 1978 5.7L engines, and all 
1979 and 1980 engines, are equipped with flow control valves to further 
limitcrankcase pressure atidle. If you have one ofthese early models, and 
the engine isn't already equipped with a flow control valve, install one into 
the air crossover and modify the plumbing as shown (see illustration). 
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2.135 Exploded view of a typical flow control valve and crankcase ventilation system оп 5.7L engine 
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2.136 То test the flow control valve, attach a water manometer (Kent-Moore J-23951 or equivalent) as shown 
and follow the instructions in the illustration 
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2.137 Typical second-generation crankcase ventilation system 
with Crankcase Depression Regulator (CDR) valve (1981 through 
1984 5.7L engines, except 1981 California models) 


Testing the flow control valve 
(5.7L engines only) 

To test the flow control valve, you'll need a water manometer (Kent- 
Moore J-23951, or equivalent). The manometer indicates pressure or vac- 
uum by the difference in the height of two columns of liquid (see 
illustration). 

1 Connect one end of the manometer in the oil dipstick hole; leave the 
other end open, so it’s vented to the atmosphere. Don’t remove the air 
cleaner. 

2 Run the engine at idle. If the valve is good, it should produce three 
inches of water pressure at idle; if it's stuck or closed, it will produce as 
much as 10-inches. Ifthe valve indicates excessive water pressure at idle, 
remove it, clean it and retest it. If that doesn't work, replace the valve. 


Note: On 1978 models, the original flow control valve had a metered ori- 
fice that was too small. This caused a pressure build-up in the crankcase 
which resulted in oil leaks. On 1979 models, the orifice was enlarged by 
.012-inch to improve flow. Whenever you replace the flow control valve on 
a 1978 model, make sure you get the newer valve with the larger orifice. 


Crankcase Depression Regulator (CDR) valve (1981 
through 1984 5.7L engines, except 1981 California models, 
and all 6.2L engines) 

In 1981, the PCV system on early 5.7L engines was replaced by an 
improved ventilation system (see illustration), which employs a Crank- 
case Depression Regulator (CDR) to reduce pumping pressure more ef- 
fectively at idle. Early (1978 through 1980) 5.7L diesel engines are prone 
to oil leaks at idle because of high crankcase pressure. The redesigned 
crankcase ventilation system reduces crankcase pressure —and the likeli- 
hood of engine oil leaks — at idle. 

The main difference between the new system and the earlier system 
is the addition of a Crankcase Depression Regulator (CDR) valve (see il- 
lustration), located at the rear of the left (driver's side) cylinder head, and 
larger ventilation system tubing. Crankcase gases enter the air crossover 
on each side, below the EGR valve. The breather cap includes a check 
valve which prevents blow-by gases from entering the atmosphere. As the 
gases (blow-by and fresh air) are drawn from the valve covers, through 
the CDR valve and into the intake manifold, the CDR limits crankcase vac- 
uum. Too little vacuum can force an oil leak; too much can pull oil into the 
crossover. 

The CDR system is also used on all 6.2L engines (see illustration). 
On some early models, the valve is located at the front of the right cylinder 
head. The early valve has a tendency to collect condensation, which can 
freeze during cold spells, causing the crankcase to pressurize and the en- 
gine to lose oil. 

On 1982 through 1987 P, C and K trucks and RVs, and 1983 through 
1987 G vans, the CDR valve (see illustration) is integrated into the oil fill- 
ercap, whichis located between the intake manifold andthe right (passen- 
ger's side) valve cover. On all 1988 and later engines, except G vans, the 
CDR valve is located in the same place, but isn't part of the oil filler cap 
(see illustration). The two later versions of the valve eliminate the con- 
densate problem by draining it back into the engine crankcase. You can 
retrofit the later-style CDR valve to an earlier crankcase ventilation sys- 
tem. 
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2.138 Typical CDR valve installation an а 5.7L engine 
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2.140 Typical CDR valve installation (1982 through 1987 C, 
K and P trucks and RVs and 1983 through 1987 & vans) 
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2.139 Typical crankcase ventilation system with 
Crankcase Depression Regulator (CDR) valve on 


(6.2L engines) 
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2.141 Typical CDR valve installation (1988 and later 
models, except @ van) 
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NOTE: 


Too little vacuum will tend to 
force oil leaks ... too much 
pulls oil into the air crossover. 


2.142 To test the CDR valve, attach a water manometer (Kent-Moore J-23951 or equivalent) ва shown and follow 
the instructions in the illustration 


Servicing the Crankcase 
Depression Regulator (CDR) system 


Periodically, clean the ventilation pipes, the valve cover filters and the 
valve cover openings. Replace the crankcase depression regulator and 


oil cap every 30,000 miles. 


Checking the CDR valve 
Hook up a U-tube water manometer (Kent-Moore J23951, or equiva- 
lent). Connect one end of the manometer to the oil dipstick tube hole and 
vent the other end to atmosphere (see illustration). 
2  Startthe engine and let it idle. If the CDR is functioning properly, it 
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2.143 Schematic for a typical vacuum-switched EGR system (1980 and 1981 California models with 5.7L engine) 


should limit water pressure at idle to one-inch, and no more than 3 to 4-in- 
ches water at full load (about 2000 rpm). 
3 If the CDR doesn't perform as described, replace it. 


Replacing the CDR valve 

1 Disconnect the ventilation pipe(s) from the CDR valve. 

2 Remove the CDR valve mounting bracket bolt (earlier models). 

3 Remove the CDR valve. 

4 Clean the ventilation pipes and connectors with solvent, but make 
sure they're dry before installing them; if solvent enters the crankcase de- 
pression regulator, it will destroy the diaphragm. 

5 Place the new CDR valve in position, install the mounting bolt (if appli- 
cable) and attach the ventilation pipes. 


Exhaust Gas Recirculation (EGR) systems 

All 1980 and later GM diesel engines use an Exhaust Gas Recircula- 
tion (EGR) system. EGR systems have been widely used on gasoline en- 
gines since 1975 to reduce pollutants known as oxides of nitrogen, or 
NOx. The only way to reduce NOx is to reduce the temperature inside the 
combustion chamber. The EGR system accomplishes this by admitting 
exhaust gas into the intake manifold, which reduces the concentration of 
oxygen and soaks up some of the heat generated during combustion, low- 
ering the temperature. The amount of gas admitted into the intake stream 
is determined at the EGR valve, which is installed at a point where the 
gases are admitted into the intake manifold (see illustration). 

There are many different types of EGR systems used on GM 5.7L and 
6.2L diesel engines. Some EGR valves are open all the time except at 
wide open throttle settings, some are switched on and off by acalibrated 
throttle switch and some are gradually opened and closed by a vacuum 
regulator valve at the throttle. Before you can diagnose an EGR system, 


you should have a basic idea of how the specific system on your engine 
works. 


EGR systems on 5.7L engines 

There are three basic types of EGR systems used on 5.7L engines: 
1980 and 1981 Californiamodels use a vacuum-switched EGR; 1980 and 
1981 Federal models use a variation of vacuum-switched EGR - throttle- 
position, modified-orifice EGR; some 1981 and all 1982 through 1984 
models use a vacuum-modulated EGR. 


Vacuum-switched EGR (1980 and 1981 California models) 

In a vacuum-switched EGR system (see illustration), exhaust gases 
are admitted into the intake manifold either at full flow or not at all. At 
closed throttle, the EGR valve is fully opened. It remains fully open until 
the throttle shaft reaches a predetermined throttle angle. The throttle posi- 
tion is sensed by a vacuum regulator valve mounted on the throttle shaft 
on the injection pump. The vacuum regulator valve generates a vacuum 
signal proportional to throttle travel. At a calibrated signal, the vacuum 
switch de-energizes the solenoid, which shuts off the vacuum signal to the 
EGR valve, allowing the valve to close. In other words, this is an on-off 
EGR system; it doesn't control the quantity of exhaust gas flow. 

Always inspect the vacuum hose routings before trying to troubleshoot 
а vacuum-switched system. They're the most likely source of trouble; if 
they're loose, disconnected or deteriorated, the System won't work. 


Throttle-position, modified-orifice EGR 
(1980 and 1981 Federal models) 

On a throttle-position, modified-orifice EGR System, exhaust gases 
are allowed into the intake manifold at all times except at wide-open 
throttle. The amount of exhaust admitted into the manifold is controlled by 
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2.144 Typical hose routings for models equipped with vacuum-switched EGR 
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2.145 Installation details of a typical throttle-position, modified-orifice EGR system 


(1980 and 1981 Federal models with 5.7L engine) rf Р 
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2.146 Typical vacuum-modulated EGR valve (1981 through 1984 models with 5.7L engine) 


an orifice adapter mounted at the end of exhaust manifold (see illustra- Vacuum-Modulated EGR 


tion). The orifice adapter is connected by a metal pipe to the EGR valve (Some 1981 and all 1982 through 1984 models) 
in the air crossover. The rest of the system is similar to a vacuum-switched 


On vacuum-modulated EGR systems, the amount of exhaust gas re- 
im remo КЕ "Qe umma m n circulatedto the intake manifold is modulated by the EGR valve itself (see 

Rs cU t 4 illustration). Th fexh i i - 
mally open vacuum switch, it closes the switch and sends current to the гот. Ттеатош о rate ovigeren viis ane 


EGR valve, which shuts off the exhaust gas to the intake manifold. tional to the valve opening. The valve is fully open at closed throttle. As 
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2.148 Onan internal EGR system, the exhaust gases travel through passages inside the intake manifold, 
instead of external pipes (5.7L engines) 


EXTERNAL EGR INTERNAL EGR 


2.149 Note the differences between the air crossovers and intake manifolds used nn external and internal EGR systems: The intake 
manifold used with internal systems has larger air intake openings and exhaust inlets from each cylinder into the crossover 
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EGR path is internal through cylinder heads and air 
crossover. 


EGR valve is modulated by a vacuum signal from the 
vacuum regulator valve on the injector pump. 


EGR is boosted during idle mode by increasing the 
exhaust back-pressure. On 1981 models this is done by 
closing the EPR valve, controlled by the EPR switch. 


EGR is reduced or eliminated when TCC is engaged. 
This is controlled by the EGR control (trimmer). 


EGR path is through external pipe to air crossover. 
EGR valve is ON/OFF type, controlled by the EGR switch. 


EGR is switched off during heavy throttle mode. 
Controlled by the EGR switch. 


2.150a A comparison of the major differences between internal and external EGR systems 


FEDERAL CALIFORNIA | CANADA | FED. TRUCK | CAL. TRUCK 


EGR INT/EXT INTERNAL EXTERNAL C/O INTERNAL 
EGR VALVE MODULATED ON/OFF MODULATED 
EGR SWITCH NO YES NO NO NO 

EPR SWITCH YES NO NO NO NO 
EGR CONTROL (TRIMMER) YES NO NO NO YES 
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2.150b А comparison of component applications оп internal and external EGR systems 
АА 


the throttle is opened, the valve closes and reduces flow. At large throttle 
openings, the valve is fully closed. 

Two different EGH systems are used on 1981 models: California cars 
use an external system, which is basically a carryover from 1980; 49-state 
Federal models and California trucks use an internal system. On external 
systems, the exhaust gases travel through pipes between the valve cov- 
ers and the EGR valve (see illustration); on internal systems, they travel- 
through a passage in the intake manifold (see illustration). The intake 
manifolds and air crossovers are also different on external and internal 
systems (see illustration). The intake manifold used on the internal sys- 
tem has larger air intake openings and exhaust inlets from each cylinder 
into the crossover. The accompanying charts detail the major differences 
between the two systems (see illustrations). 

On vacuum-switched or vacuum-modulated 1981 models, exhaust 
gases are also modulated by the Exhaust Pressure Regulator (EPR) 
mounted in the exhaust manifold (see illustration). When the throttle is 
closed, the EPR valve is closed by the EPR switch (see illustration); this 
increases backpressure at idle and recirculates more exhaust to the EGR 


valve. As engine speed increases, the EPR valve opens and exhaust 
backpressure is reduced, sending less exhaust to the EGR valve. The 
EPR valve also opens when the Torque Converter Clutch (TCC) is en- 
gaged. This is controlled by the EGR control, or trimmer. 

Throttle position on 1981 models is sensed by a vacuum control valve 
on the throttle shaft on the injection pump (see illustration). The vacuum 
control valve generates a vacuum signal proportional to throttle travel. 
When vacuum regulated by the Vacuum Regulator Valve (VRV) is above 
12 in-Hg, the EPR switch closes the circuit; this energizes a solenoid, 
which allows the full vacuumsignal from the vacuum pump to the EPR 
valve, closing the valve and boosting backpressure. When vacuum is be- 
low 12 in-Hg, the switch opens and de-energizes the solenoid, blocking 
vacuum to the solenoid and venting the EPR valve. 

The EGR control assembly on 1981 models (see illustration) is lo- 
cated between the VRV and the EGR valve. Whenthe TCC is disengaged, 
the solenoid іп the EGR control assembly is de-energized, and VRV-regu- 
lated vacuum is directed to the EGR valve. When the TCC is engaged, it 
energizes the solenoid, allowing the vent to open. The reducer valve then 
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2.151 Typical Exhaust Pressure 
Regulator (EPR) installation on a 
5.7L engine (others similar) 


reduces VRV-regulated vacuum by 2.5 in-Hg. The EGR valve varies the 
exhaust flow in accordance with the strength of the vacuum signal it re- 
ceives from the VRV and the EGR control assembly. 

Two systems are used on 1982 models — one on B-body station wag- 
ons, and the other on everything else. On B-body station wagons, vacuum 
from the vacuum pump is modulated by the VRV on the injection pump 
(see illustration). Vacuum is highest at idle and decreases to zero by the 
time the throttle is wide open. So the EGR valve is fully open at idle, and 
fully closed at wide open throttle. A response vacuum reducer valve is 
used between the VRV and the EGR valve to allow the EGR to react quick- 
ly to changes in throttle position. The VRV is a calibrated bleed — it pre- 
vents a trapped signal so the EGR valve can close more quickly. 

On all other 1982 models (except the B-body station wagon) and on 
all 1983 models, a solenoid in the system shuts off vacuum to the EGR 
valve when the TCC is engaged (see illustration). This solenoid gets bat- 
tery voltage from the TCC switch and is grounded through the transmis- 
Sion's governor pressure switch. 
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2.152 The EPR switch and EGR control, or trimmer, пл 1981 
system втв located on the right (passenger's side) valve cover 
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2.154 Vacuum system schematic for EGR control assembly on 1981 models 
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2.156 EGA system on 1982 models (except B-body station wagons) and all 1983 models 


Diagnosing the 5.7L EGR system 

Now that you have a good idea how the 5.7L EGR systems work, you 
can test them. In this section, we'll show you how to test the EGR valve, 
the Exhaust Pressure Regulator (EPR), the Vacuum Regulator Valve 
(VRV), the Response Vacuum Reducer (RVR), the Vacuum Modulator 
Valve (VMV), the Torque Converter Clutch (TCC) and the EGR vacuum 
solenoid. The following diagnostic procedure will help you pinpoint the 
trouble: 
1 Ifthe EGR valve won't open, it’s either binding, or stuck, or it's not get- 
ting any, or enough, vacuum. Check the EGR vacuum solenoid, the VRV, 
the RVR, the TCC, the vacuum pump and the hoses. If all of them are okay, 
replace the EGR valve. 
2 Ifthe EGR valve won't close (heavy smoke on acceleration), it's either 
binding or stuck. Replace the EGR valve. 
3 Ifthe EGR valve closes late on systems with a VRV, either the vacu- 
um switch is opening the circuit at below 8 in-Hg vacuum or the VRV is out 
of adjustment. If the switch is faulty, replace it. If the VRV is the problem, 
adjust it. 
4 ifthe EGR valve only opens partially, either the EGR valve is binding, 
or there’s low vacuum at the EGR valve. If the valve is binding, replace it. If 
there’s low vacuum at the valve, check the VRV, RVR, vacuum solenoid, 
vacuum pump and hoses. 


Removing, testing and installing the EGR valve 

1 Remove the air cleaner. 

2 Remove the air crossover. 

3  Bendthe tabs away from the EGR valve mounting bolts. 

4 Remove the EGR valve mounting bolts (see illustration) and re- 
move the valve from the air crossover. 

5 Apply a vacuum source to the port on the EGR valve and watch the 
underside of the valve. It should be fully open at 9.5 to 10.5 in-Hg of vacu- 
um. The valve should close by the time vacuum drops below 5 to 6 in-Hg. 
6 Inspect the valve sealing area and verify that it seals tightly when 
closed. 

7  Checkthe diaphragm by opening the EGR valve by hand and cover- 
ing the vacuum port with your finger. The valve should remain open for at 
least 20 seconds. If it doesn't, the diaphragm has a leak. Replace the EGR 
valve. 
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2.157 Mounting details of external and internal type EGRs 


8 Clean the gasket area on the air crossover before installing the EGR 
valve. 

9 Install the EGR valve with a new gasket. 

10 Install the EGR valve mounting bolts. 

11 Bend the locking tabs up against the mounting bolts. 

12 Install the air crossover and air cleaner. 


Testing the Exhaust Pressure Regulator (EPR) valve 

The EPR valve can be tested either on or off the engine. To verify that 
it's opening and closing correctly, hook up a vacuum pump and gauge to 
the EPR vacuum port, apply vacuum to the port and watch the lever on 
the side of the valve under the vacuum diaphragm. It should be fully open 
at 6 in-Hg vacuum and fully closed at 12 in-Hg. 


Testing the Vacuum Regulator Valve (VRV) 

The VRV, which is attached to the side of the injection pump, regulates 
the amount of vacuum in proportion to throttle angle. Vacuum from the 
vacuum pump is supplied to port A and vacuum at port B is reduced as 
the throttle is opened. At closed throttle, the vacuum at port B should be 
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2.160 Electrical schematic for 1984 EGR system (5.7L engine) 


about 15 in-Hg; athalf-throttle, it should be about 5 or 6 in-Hg; at wide open Testing the Torque Converter Clutch 
throttle, it should be zero. If the VRV doesn't operate as specified, replace (TCC)-operated solenoid 


it. The VRV mounted on the side of the injection pump contains a switch 


Testing the Response Vacuum Reducer (RVR) which — depending on throttle position — engages or disengages the TCC. 
1 Connect a vacuum gauge to the port marked “To TCC solenoid” (see This switch also operates a TCC-operated solenoid which turns the EGR 
illustration). valve on and off as the TCC is engaged and disengaged (see illustra- 
2 Connect a hand-operated vacuum pump to the VRV port. tion). When the TCC is engaged, the TCC-operated solenoid is ener- 
3 Apply 15 in-Hg to the RVR. The gauge should indicate 0.75 in-Hg. gized, which shuts off port 3 and connects port 1 to port 2, shutting off 


4 е RVR doesn’t operate as specified, replace it. vacuum to the EGR; when the TCC is disengaged, the TCC-operated 
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2.161 Location of Housing Pressure Cold Advance (HPCA) components 
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2.162 HPCA solenoid energized 
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2.163 HPCA solenoid de-energized 


solenoid is de-energized, and port 1 (the vent port) is shut off while ports 
2 and 3 are interconnected, which applies vacuum to the EGR valve. If the 
TCC-operated solenoid doesn't operate as described, replace it. 


Vacuum-modulated EGR system 
(1984 models with 5.7L engines) 

The 1984 system is designed to meet emission standards at low AND 
high altitude. It compensates for changes in altitude by altering timing and 
controlling the EGR valve with an altitude sensitive switch and a TCC- 
EGR cut-off solenoid (see illustration). The altitude switch, which is lo- 
cated in the position used by the glow plug control relay on 1983 models, 
controls the HPCA, HPAA and EGR vaive. The altitude switch is open at 
its intended design altitude and closes when the altitude changes. The 
TCC-EGR cut-off solenoid is normally closed at low altitude and normally 
open at high altitude. When battery voltage is applied to the HPCA, it has 
zero pressure; when battery voltage is applied to the HPAA, it has 5 psi. 


The Housing Pressure Cold Advance (HPCA) system 

The HPCA system is an emission control device designed to improve 
cold starts and idling, and reduce white smoke and noise when the engine 
is cold. The HPCA solenoid (see illustration) allows more engine ad- 
vance during engine warm-up. It consists ої a solenoid assembly and a 
ball check return connector installed inside the governor cover of the injec- 
tion pump. On 1981 through 1983 models, a sensing unit mounted in the 
cylinder head generates the electrical signal which controls the operation 


of the solenoid; on 1984 models, it's part of a thermal vacuum switch in 
the intake manifold. The switch is calibrated to open the circuit at 120-de- 
grees F (89-degrees on 1984 models). Below the switching point, housing 
pressure is decreased from 8 to 12 psi to zero, which advances the timing 
3-degrees. Above 120-degrees F. (89-degrees on 1984 models), the 
Switch opens, de-energizing the solenoid and returning the housing pres- 
sure to 8 to 12 psi. The fast-idle solenoid is also energized by the same 
Switch. The switch again closes when the temperature falls below 95-de- 
grees F (79-degrees F. on 1984 models). 

During cold warm-ups, the solenoid plunger moves up and the rod con- 
tacts the return connector ball (see illustration). When the ball is moved 
off its seat, housing pressure is reduced by the increased flow through the 
connector. Because of lower housing pressure, resistance to the move- 
ment of the advance piston is less, so the piston can move further in the 
advance direction. 

When the engine reaches its normal operating temperature, the elec- 
trical signal to the solenoid is terminated and the plunger returns to its ini- 
tial position (see illustration). 

On а hot engine, whenever you change the fuel filter or the injection 
pump, or when the vehicle runs out of fuel, unplug the connector from the 
temperature switch and bridge the connector terminals. This will help you 
purge air from the pump by allowing more fuel to pass through the return 
line. On a cold engine, the circuitis already closed, so this step is unneces- 
sary. 
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2.164 Location of Housing Pressure Altitude Advance (HPAA) solenoid 
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2.165 Relationship between injection timing control housing pressure and timing change 


The Housing Pressure Altitude Advance (HPAA) system 

The HPAA solenoid is located in the fuel return line (see illustration); 
itregulates housing pressure in accordance with altitude. When the HPAA 
solenoid is "on," the glass check ball is seated and regulates pressure at 
5 psi; when the HPAA solenoid is "off," the ball is moved of its seat, the 
return line is open and there is no regulation. It's possible to have both the 
HPCA off and the HPAA regulating housing pressure at the same time. 
It's also possible to have just the HPCA off while the HPAA regulates hous- 
ing pressure (see illustration). The HPCA must be energized, i.e. the 
plunger extended, holding the housing pressure regulating check ball off 
its seat, and not regulating to allow the HPAA solenoid to regulate at its 
calibrated value. Higher housing pressures retard timing. 

The electrical signal which controls the operation of the HPAA solenoid 
is generated by an altitude sensing switch (see illustrations). Two differ- 
ent switches are used: One is for Federal vehicles intended for use below 
4000 feet and the other is for vehicles which will be operated above 4000 


feet. The altitude switch is open at its design altitude and closes when the 
altitude changes. 

An altitude relay (see illustration) with normally closed contacts com- 
pletes the path for battery voltage to the HPAA solenoid. The contacts are 
open when the relay is energized by battery voltage, which comes through 
the TVS electrical switch when it's closed atless than 89-degrees F. When 
the engine temperature is less than 89-degrees F., the altitude relay con- 
tacts are open, preventing the HPAA from operating. The TVS electrical 
Switch also provides the current which energizes the fast-idle solenoid. 

A diode in the circuit between the TVS electrical switch and the EGR 
trim solenoid blocks the current path from the TVS switch to prevent oper- 
ation of the EGR trim solenoid when cold. It also provides a path for the 
altitude switch current to energize the HPCA solenoid for operation of a 
Federal vehicle at higher altitude. This diode is removed from the high-alti- 
tude version of the system, and the circuit is open, so no current is pro- 
videdto the HPCA solenoid and current can't get to the EGR trim solenoid 
from the TVS electrical path. 


M M ———— — — e M M —— — —— ———À— M — MÀ Ma o o 


Chapter 2 GM 5.7L and 6.2L V8 engines 2 — 99 


200C 
TRANSMISSION 


TCC BRAKE HEADBOLT 
Sw aw 


IGN 


COLD INHIBIT 
IGN DUMP 


{ 
оом -B+ 
MODULE |- TO GLOW PLUGS 


200 4R/325 
= = TRANSMISSION 4L 


EGR 
DUMP 
IGN 


WATER TEMP 
Tvs 


REMOVE 
DIODE FOR 
ALTITUDE 
(NA6) 


ALT. RELAY 


"АІТ. SWITCH FUNCTION 
LOW ALT. MODELS 
AT LOW ALT. - OPEN 
HPAA SOL. AT HIGH ALT. - CLOSED 
HIGH ALT. MODELS (NA6) 
AT LOW ALT. - CLOSED 
= AT HIGH ALT. ~ OPEN 


FAST IDLE 
SOL. 


2.166a Electrical schematic for HPAA system 
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2.166b HPAA altitude sensing switch location 2.167 HPAA altitude advance relay location 
How the circuit works on a Federal (NA5) energizes the HPCA solenoid. The HPCA plunger moves up and the rod 
low-altitude version of the system contacts the check ball and moves off its seat. With the check ball off its 
When the engine is cold (temperature is less than 89-degrees F.) and seat, housing pressure is reduced because of the increased flow through 
the altitude is less than 4000 feet, battery voltage comes from the diesel the connector. Reduced housing pressure advances the timing. Current 
fuse out ріп 139 and through the closed contacts of the TVS electrical from the TVS switch also energizes the altitude relay, opening the normal- 
switch (see illustration). It goes through a diode in the diode module and ly closed contacts, which prevents the HPAA from operating when the en- 


energizes the fast-idle solenoid and passes through anexternaldiodeand gine is cold. When the HPAA solenoid is de-energized, the check-ball is 
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2.168 HPAA TVS switch location 


heldoffits seatsoit's open andnot regulating housing pressure. The diode 
at pin 939 blocks current to the EGR trim solenoid. 

When the engine is hot (temperature is above 89-degrees F.) and the 
altitude is less than 4000 feet, the TVS switch opens and de-energizes the 
fast-idle and HPCA solenoids and altitude relay. The altitude relay con- 
tacts are again normally closed. 

Whenthe engine is cold (temperature is less than 100-degrees F.) and 
the altitude is above 4000 feet, the operation is the same as low altitude, 
except the altitude switch is closed, which energizes the EGR trim sole- 
noid. This connects ports 1 and 2, which allows air to bleed into the VRV 
andcause a 2 in-Hg pressure drop, lowering the EGR valve position at alti- 
tude. 

When the engine is hot (temperature is above 100-degrees F.), the 
TVS head bolt switch is open, so the normally closed altitude relay con- 
tacts are closed. The altitude switch is closed, so current energizes the 
EGR trim solenoid, reducing EGR. Current also passes through the nor- 
mally closed contacts of the altitude relay to the HPAA solenoid (see illus- 
tration). The HPAA is on, allowing the regulating check ball to seat and 
regulate the housing pressure at its calibrated value. Altitude switch cur- 


rent must also energize the HPCA solenoid. The HPCA plunger is ex- 
tended, holding the housing pressure regulating check ball off its seat. 
With the HPCA open, the HPAA can regulate at its calibrated value of 5 
psi alone. This advances timing at altitude by 2-degrees. 


How the circuit works an a high-altitude version of the system 

When the engine is cold (temperature below 89-degrees F.) and the 
altitude is above 4000 feet, operation is the same as a Federal low-altitude 
system. 

When the engine is hot (temperature above 89-degrees F.) and the alti- 
tude is above 4000 feet, operation is the same as a Federal low-altitude 
system. 

When the engine is cold (temperature below 100-degrees F.) and the 
altitude is below 4000 feet, operation is the same as at high altitude, ex- 
ceptthe altitude switch is now closed, which energizes the EGR trim sole- 
noid and connects ports 1 and 2 on the solenoid. This blocks off the 
atmospheric bleed to the VRV, which increases the EGR valve opening. 

Whenthe engine is hot (temperature above 89-degrees F.) and the alti- 
tude is below 4000 feet, the TVS electrical switch is open, so the normally 
closed altitude relay contacts are closed. The altitude switch is closed, so 
current energizes the EGR trim solenoid, which connects ports 1 and 2 
on the solenoid and blocks off atmospheric bleed to the VRV, increasing 
the EGR valve opening. 

Altitude switch current also flows through the normally closed contacts 
of the altitude relay, energizing the HPAA solenoid. When the HPAA sole- 
noidis energized, the plunger is pulled in and the check ball is seated, reg- 
ulating pressure at about 5 psi. The HPCA is still de-energized and its 
check ball seated at about 10 psi. The HPAA regulation of 5 psi plus the 
HPCA regulation of 10 psi produces a total housing pressure of 15 psi. 
This higher housing pressure causes the timing to retard about 2-degrees. 


Checking the 1984 EGR system components 
Thermostatic Vacuum Switch (TVS) 

The 1984 EGR uses a TVS (see illustration), mounted in the coolant 
passage іп the intake manifold, as a cold override. The TVS has two roles: 
Its upper portion is an electrical switch that energizes the HPCA and fast- 
idle solenoids. This occurs when the coolant temperature is below 89-de- 
grees F; its lower portion is a vacuum switch that prevents the EGR from 
operating below the calibration point. When the engine coolant tempera- 
ture is less than 100-degrees F., ports 1 and 2 are connected and the 
switch allows the atmosphere to vent the EGR valve, which prevents the 
system from operating. When the coolant temperature exceeds 100-de- 
grees F., the TVS piston moves up, which shuts off the vent and connects 
ports 2 and 3, allowing vacuum modulated by the VRV to operate the EGR 
valve through the system. Port 1, the vent, is sealed off. 
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2.169 HPCA solenoid de-energized 
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2.170 Thermostatic Vacuum Switch (TVS) on 
1984 5.7L EGR system 


Vacuum Regulator Valve (VRV) 

The VRV is mounted on the side of the injection pump. Vacuum is high- 
est at idle and decreases to zero at wide-open throttle. So the EGR valve 
is fully opened at idle and closed at wide-open throttle. Vacuum from the 
vacuum pump is supplied to port A and vacuum at port B is reduced as 
the throttle is opened. At closed throttle, there should be 15 in-Hg present; 
at half-throttle, there should be about 6 in-Hg; at wide-open throttle, there 
should be no vacuum. 


Torque Converter Clutch (TCC) solenoid 

When the TCC is engaged, the solenoid vents the EGR system. When 
the solenoid is energized, ports 1 and 2 are connected; when it’s de-ener- 
gized, ports 2 and 3 are connected. 


Altitude solenoid 

This solenoid changes the amount of EGR at low or high altitude. 
When the solenoid is energized, ports 1 and 2 are connected; when it's 
de-energized, ports 2 and 3 are connected. 


Checking the Vacuum Reducer Vaive 

The VRV is located between the Vacuum Regulator Valve (VRV) and 
the EGR valve. When used, it allows a calibrated atmospheric bleed to the 
EGR vaive. To check it, connect a vacuum gauge to the port marked “To 
EGR valve or TCC solenoid.” Connect a hand-operated vacuum pump to 
the VRV port. Apply 15 in-Hg. The reading on the gauge should be 2.0 in- 
Hg lower than the pump reading at any altitude. 


Quick Vacuum Response (QVR) valve 

The QVR valve is located between the vacuum reducer and the EGR 
valve. It's designed to vent the EGR valve to the atmosphere quickly when 
the vacuum drops on the vacuum reducer side. This improves throttle re- 
sponse. When there's vacuum on the vacuum reducer side, the external 
vent is closed. When there's no vacuum on the reducer side, the vent is 
open, allowing atmospheric pressure to close the EGR valve. 


Checking the EGR valve 
Apply vacuum to the vacuum port. The valve should be closed below 
6 in-Hg and fully open at 10.6 in-Hg. 


The altitude switch 

The altitude switch (see illustration) controls the altitude solenoid, the 
HPCA and the HPAA. It's usually located in the position used by the glow 
plug relay on earlier systems. On Federal vehicles, the switch directs bat- 
tery voltage to the altitude solenoid, the HPAA and the HPCA at high alti- 
tude. The switch is open atits design altitude, but closes when the altitude 
changes. Below 4000 feet, the low altitude version of the switch is open; 
above 4000 feet, it's closed. The high altitude version is just the opposite 
— below 4000 feet, it's closed; above 4000 feet, it's open. 


The altitude relay 
The altitude relay contacts are normally closed. When the engine cool- 
anttemperature is below 89-degrees F., the TVS cold override switch (the 
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2.171 Altitude switch and relay location (1984 5.7L EGR system) 


2.172a Component location on 1984 Federal NA5 
(low-altitude) EGR system 


1 Torque Converter 4 Vacuum Reducer 
Clutch (TCC) solenoid Valve (VRV) 

2 Thermostatic Vacuum 5 Quick Response 
Switch (TVS) Valve (QRV) 

3 Altitude solenoid 6 To EGR valve 
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upper part of the TVS) is closed. This energizes the altitude relay, opening 
the contacts and preventing the HPAA from operating when cold. 


Troubleshooting the 1984 EGR system 
Federal (low-altitude) emissions 

Whenthe engine is cold (temperature less than 100-degrees F.) at low 
or high altitude (below or above 4000 feet), and the TCC is not applied, 
modulated vacuum from the VRV goes to port 3 (see illustrations) of the 
TCCsolenoid and ports 2 and 3 of the TCC solenoid are connected when 
it's de-energized. Vacuum then goes from port 2 of the TCC solenoid to 
port 3 of the TVS. Ports 1 and 2 on the TVS are connected when coolant 
temperatureis less than 100-degrees F. Port 1 isaventtothe atmosphere, 
so the EGR system is open and can't function. 
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2.172b Emissions schematic for 1984 Federal NA5 
(low-altitude) EGR system 


When the engine is hot (temperature above 100-degrees F.) at low alti- 
tude (below 4000 feet) and the TCC is not applied, ports 2 and 3 on the 
TVS are connected. This permits modulated vacuum to get to port 3 at the 
altitude solenoid and the vacuum reducer valve. Ports 2 and 3 on the alti- 
tude solenoid are connected when it's de-energized. Port 2 goes to the 
VRV, so the vacuum is the same on both sides of the VRV. Vacuum then 
acts on the QRV, closing it to atmosphere. The modulated vacuum then 
opens the EGR valve in proportion to the throttle position. When the TCC 
is applied, the TCC solenoid is energized by a ground from the governor 
pressure switch. Ports 1 and 2 on the TCC solenoid are then connected. 
Port 1 is an atmospheric vent, so the EGR system is vented and inopera- 
tive. The QVR valve is used to quickly vent the EGR valve when vacuum 
drops to zero on the VRV side. 

When the engine is hot (temperature above 100-degrees F.) at high al- 
titude (above 4000 feet) and the TCC is not applied, the altitude switch 
closes, which sends battery voltage to the altitude solenoid and energizes 
it. Ports 1 and 2 on the altitude solenoid are then connected, allowing at- 
mosphere to bleed down the vacuum through an orifice in the vacuum re- 
ducer valve by about 2 in-Hg. 

The vacuum at the EGR valve is two inches lower than at the VRV, so 
it closes slightly. This reduces EGR at altitude on a Federal emission ve- 
hicle. Whenthe TCC is applied, the TCC solenoidis energized by a ground 
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2.173a Component location on 1984 high-altitude 
(NA6) EGR system 


Torque Converter 4 Vacuum Reducer 
Clutch (TCC) solenoid Valve (VRV) 

2 Thermostatic Vacuum 5 Quick Response 
Switch (TVS) Valve (QRV) 

3 Altitude solenoid 6 ToEGR valve 


from the transmission governor pressure switch. Ports 1 and 2 onthe ТСС 
solenoid are then connected. Port 1 is an atmospheric vent, so the EGR 
system is vented and inoperative. 


High-altitude emissions 

When the engine is cold (temperature below 100-degrees F.) at low al- 
titude (below 4000 feet) and the TCC is not applied, the system operates 
the same way as a Federal (low-altitude) emission vehicle. The EGR 
doesn't operate on an engine unless the temperature is above 100-de- 
grees F. 

When the engine is hot (temperature above 100-degrees F.) at high al- 
titude (above 4000 feet) and the TCC is not applied, modulated vacuum 
from the VRV goes through ports 3 and 2 on the TCC solenoid, to port 3 
on the 

TVS and out port2 on the TVS (see illustrations). Then it goes to port 
1 on the altitude solenoid, to the vacuum reducer, then the QVR and finally 
to the EGR valve. The altitude solenoid is de-energized, so ports 2 and 
З are connected. Port 3 is an atmospheric vent that allows atmosphere to 
bleed down the vacuum through an orifice in the vacuum reducer valve 
by 2in-Hg. The vacuum at the EGR valve is 2 in-Hg lower than at the VRV, 
So it closes slightly. This reduces the amount of exhaust gases admitted 
into the intake manifold through the EGR at high altitude. When the TCC 
is applied, the TCC solenoid is energized by a ground from the transmis- 
Sion governor pressure switch. Ports 1 and 2 on the TCC solenoid are now 
connected. Port 1 is an atmospheric vent, so the EGR system is vented 
and inoperative. 

When the engine is hot (temperature above 100-degrees F.) at low alti- 
tude (below 4000 feet) and the TCC is not applied, the altitude switch 
closes, sending battery voltage to the altitude solenoid and energizing it. 
Ports 1 and 2 on the altitude solenoid are then connected, which removes 
the calibrated 2 in-Hg vacuum drop at the altitude solenoid. Vacuum atthe 
EGR valve is now the same as vacuum at the VRV. The EGR valve opens 
more, increasing the amount of exhaust admitted into the intake by the 
EGR valve. The QVR valve is used to quickly vent the EGR valve when 
vacuum drops to zero on the VRV side. 
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2.173b Emissions schematic for 1984 high-altitude (NA6) EGR system 
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2.174 Operation of typical vacuum-switched EGR valve on a 6.2L engine 
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2.175 Exhaust Pressure Regulator (EPR) valve and 
solenoid location on а 6.2L engine 
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2.176 Installation details for EPR/EGR solenoids on a 6.2L engine 


Vacuum-switched EGR system (LH6 engine) 
EGR sysiems on 6.2L engines 

On this type of EGR system (see illustration), exhaust gas is admitted 
at full-flow or not at all. At closed throttle, the EGR valve is fully open and 
remains open until a calibrated throttle position is reached, at which point 
it closes. A throttle position switch (TPS) senses this throttle position. As 
.the throttle is opened, the TPS closes when the calibration point is 
reached and de-energizes a solenoid which shuts the vacuum signal to 
the EGR valve. 

The system also uses an Exhaust Pressure Regulator (EPR) valve in 
the exhaust system (see illustration) to restrict flow and increase ex- 
haust backpressure. The EPR valve is used in conjunction with the va- 
cuum-switched EGR valve at the intake manifold. When the throttle is 
closed, the EPR valve is closed, increasing the recirculation of exhaust 
gas. As the throttle is opened, the valve opens, decreasing the amount of 
exhaust backpressure. 

Vacuum isn't modulated to the EGR or EPR valves. The TPS mounted 
on the injection pump throttle shaft operates a pair of on-off vacuum sole- 
noid switches controlling flow to the EGR and EPR valves (see illustra- 
tion). 

At about 15-degrees of throttle angle, current is broken to the normally 
closed EPR vacuum solenoid, and the EPR valve opens when the sole- 
noid cuts off vacuum. The normally open EGR vacuum solenoid gets cur- 
rent from the TPS at a calibrated throttle position, vacuum to the EGR 
valve is cut off and the EGR valve closes, preventing the flow of exhaust 
into the intake manifold. 

The TPS (see illustration) has two contacts inside it: One contact 
(blue or purple wire) sends battery voltage to the normally closed EPR so- 
lenoid at idle; this opens the solenoid valve and vacuum closes the EPR 
valve. The other contact (yellow wire) sends battery voltage to the normal- 
ly open EGR solenoid at a calibrated throttle angle. This current ener- 
gizes, and closes, the EGR solenoid, cutting off vacuum and closing the 
EGR valve. On some switches, there’s a slight delay in the time between 
when the EPR opens and the EGR closes. You can identify the switch type 
by looking at the color of the cam used to change the EPR/EGR switch 
points: A blue cam has no difference; a black cam has a five-degree differ- 
ence; a red cam has a 10-degree difference. 
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2.177 Federal EGR/EPR schematic (1982 through 1987 
models with m 6.2L engine) 


On some models equipped with 700-R4 (MD8) automatic transmis- 
sions, a third switch (see illustration) inside the TPS operates the Trans- 
mission Converter Clutch (TCC). This switch, which controls battery 
voltage coming from the brake switch to the TCC solenoid, disengages 
the converter clutch at a throttle angle of less than 8-degrees. On 4WD 
models, there's a normally closed relay in the parallel path of current to 
the TCC solenoid at pin B of the connector at the transmission. It's ener- 
gized by grounding pin 4 of the relay. Pin 4 is grounded through the 4WD 
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2.178 Typical electrical schematic for TCC-switch on a K truck equipped with an MDA 700-R4 automatic transmission 
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2.179 EGR operation (1982 through 1987 models with 6.2L engine) 


indicator switch in the transfer case. It's grounded in either “4 high” or “4 
low." When the relay is grounded, the normally closed relay is switched 
to open, interrupting the battery voltage path to pin B of the connector at 
the transmission. The only way to get the converter to operate in 4WD is 
to close the fourth-gear switch in the transmission, allowing battery volt- 
age from the other parallel path at pin A to pass through the now closed 
contacts of the fourth gear switch to the TCC solenoid. 


Diagnosing the EGR/EPR system on 6.2L LH6 engines 

1 Start the engine and warm it up until the thermostat opens. 

2  Removethe air cleaner so you can observe the operation of the EGR 
valve (see illustration). 


3  Withtheengineatidle, the EGR valve should be open (the valve head 
is in its “up” position and there's exhaust noise at the intake). If the EGR 
valve isn't open, check and correct any electrical and hose connections 
which may be loose and/or disconnected. 

4 Remove the vacuum hose from the EGR valve. The valve head 
should drop and the exhaust noise should diminish significantly. Reattach 
the hose. 

5  Atidle,thehosetothe EGR valve should have about 20 inches of vac- 
uum. If vacuum isn't present, check the output of the vacuum pump at the 
pump. It should produce at least 20 in-Hg. 

6 If vacuumis present at the EGR valve, but the valve doesn't open and 
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2.180 To replace the EGR valve on a 6.2L engine, 
remuüve the air cleaner, detach the air cleaner hose and 
unbolt the valve — installation is the reverse of removal 


close as the hose is attached and detached, the EGR valve is stuck. Try to 
"unstick" it; if you can't get it working, replace it (see illustration). 

7 Manually operate the throttle lever at the injection pump through 15 to 
20-degrees of travel. The EGR valve should close when the TPS reaches 
the calibrated point. 

8 Verify that battery voltage is present in the pink wire to the TPS when 
the ignition switch is turned on. If battery voltage isn’t present, check for 
any loose connections, an open in the wire or a blown 20-amp gauge idle 
fuse. 

9 Check the wiring connections and make sure nothing's loose. Check 
the fuse and replace it if it's blown. Turn the key on and make sure there's 
battery voltage inthe blue wire from the TPS. This blue wire feeds the EPR 
solenoid. At idle, if the pink wire has battery voltage, but the blue one 
doesn't, the TPS is bad. Replace it. 

10 With the engine off, and the ignition switch turned on, operate the 
throttle through 20-degrees of travel. At about 15-degrees, the TPS will cut 
out battery voltage to the EPR (blue wire); at about 20-degrees, the TPS 
will cut in battery voltage to the EGR (yellow wire). If it doesn't operate as 
described, the TPS is bad. Replace it. 

11 Verify that the electrical connections are good at the EGR/EPR sole- 
noid assembly and that the hoses are routed correctly and connected to 
the solenoids. 

12 Ifthere’s vacuum present at the solenoid assembly and the solenoids 
are receiving an electrical signal as described above, but the TPS doesn’t 
operate the EGR and/or EPR valves, the solenoid assembly itself is faulty. 
Replace it. 


Identifying a bad diode in the solenoid assembly 
(EGR system on 1982 6.2L LH6 engine) 

On 1982 LH6 engines, a condition exists that can allow excessive elec- 
trical feedback to short out a diode in the EGR and/or EPR solenoids. The 
diodes are for radio noise suppression only. When the diode shorts, it usu- 
ally blows the 20 amp gauge fuse. If the fuse blows, there won't be any 
powerto electrical components such as the glow plugs, cold advance, fast 
idle, etc. AND the EGR system won't operate either. When the EGR sys- 
tem malfunctions, full vacuum is supplied to the EGR valve at all speeds, 
resulting in heavy black exhaust smoke and low power. 

To prevent the diodes from shorting out as a result of heavy feedback 
loads, a special jumper harness with a built-in diode to reduce feedback 
load (part no. 14048052) is available. If you've noticed heavy black ex- 
haust smoke and traced the condition to a diode in the EGR/EPR solenoid 
assembly, here's how to install the jumper: 
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2.181a Adjustment tool (Kent-Moore J-33043) for the 
Throttle Position Switch (TPS) on 6.2L engines 


2.181b Typical gage blocks for TPS adjustment tool 


лт 


1 Stop the engine and turn the key to the Off position. 

2 Disconnect the vacuum and electrical connections to the EGR/EPR 
solenoid assembly. 

3 Remove the solenoid assembly mounting bolt and remove the sole- 
noid assembly. 

4 Install the new solenoid assembly. 

5  Reattach the vacuum and electrical connections to the new solenoid 
assembly. 

6  Disconnect the wire to the TPS and install the new jumper harness 
between the connectors. Make sure the blue, pink and yellow wires line 
up, i.e. are at matching terminals of the connector. 

7 Install a new 20-amp gauge idle fuse. 


Adjusting the TPS 

The TPS must be adjusted on the throttle shaft of the injection pump. 
It's not necessary to remove the pump. You'll need a special go-no go 
gauge and the correct throttle position switch gage block (see illustra- 
tions) to adjust it. Different blocks are needed for different applications. 
You'll find the correct block for your particular application specified on the 
Vehicle Emission Control Information (VECI) label in the engine compart- 
ment. Gage block dimensions weren't listed on the VECI label until the 
1983 model year. If the gage block dimension isn't specified, or the VECI 
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THROTTLE AGE 
POSITION SWITC SWITCH |GAGE TOOL 
ALTITUDE TRANS. MODELS | SWITCH PIN; CLOSED OPEN NUMBER 


[Nationwide | ^ Au — | Маша | АП | 14050405 | 0646” | 0668” | J-33043-2 
All 
C/K 
C/K 


All | | 
Al | Aut. | An ] 14033943 0.646" 0.668” J-33043-2 
Al | Auto. | ск | 14033943 | 0.646” 0.668" | J-33047-2 
| Cai. | an | Auto. | CK | 14050408 | 0.602” | 0.624” | J-33043.4 


2.182 TPS chart (1982 LH6 engines 


ENGINE BROADCAST | THROTTLE | | | GAGEBAR | p 
ASM B/G POSITION SWITCH GAGE TOOL 
PART # CODE SWITCH PIN | Gus | от | NUMBER 
| 140601522 | ов | 14050005 | 64 | 668 | 330432 | 
| 14061531 | umc | 14050405 | 646 | 668 | 4330932 | 
UHD 14050005 | 62 | 24 |  J3304344 | 
UHF | 14050405 | 646 |  .668 |  J33032 | 
| 14061555 | инн | 14062329 | — $646 | 668 — 
| 140615552 | _ uH) | 14066238 | 02 | 
| 1406005560 | UHN [| 14066239 | 646 | 
| 14061573 | | uHS | 1405040 | 
| 14066299 | | он; | 1405045 | 
[| 1406001571 | UHR | 14050405 | 
14066239 
14066238 
UHW — 
2.183 TPS chart (1983 LH6 engines) 
ENGINE ASSEMBLY THROTTLE ДЕЗЕ EE GAGE TOOL 

E 
| HHB,DHB.FHB | 1405005 | £602  Á | .624 |  J830434 | 
HHF, DHF, ЕНЕ | 1405006 | 602 | 624 [|  J330434 | 
| HHD,DHD,FHD |. | | A | 14066239 | _ .646 |  — .668 |  J330432 | 
| HHJ, DH, ЕНЈ . 1| 14066239 | .646 | 
| HHK,DHK,FHK | . |  J [| 140504656 | Á.60 | 

HHW, DHW, FHW 14066239 

Y 14066239 

23500164 


2.184 TPS chart (1984 through 1986 LH6 engines) 
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2.185 TPS chart (1983 and later LL4 engines) 
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2.186a TPS adjustment procedure (LH6 engines) 
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2.186b TPS adjustment procedure (LL4 engines) 


label is missing, check with a dealer service department for the correct 4 Rotate and hold the throttle lever against the gage block. 
block dimensions (see illustrations). You'll also need a self-powered test 5 Facing the TPS, rotate it clockwise until continuity is indicated (low 


light or ohmmeter. meter reading) across the IGN and EGR terminals. Hold the switch body at 
1 Withthe throttle lever in the closed position, loosen the TPS retaining this position and tighten the mounting screws to 4 to 5 ft-lbs. 
screws. 6 Release the throttle lever and allow it to return to the idle position. Re- 


2  OnLH6 engines, attach the leads of an ohmmeter or self-powered move the “switch-on” gage bar and insert the "switch-off" gage bar. Rotate 
test light to the IGN terminal (pink wire) and the EGR terminal (yellow wire) the throttle lever against the "switch-off" gage bar. There shouldn't be any 
(see illustration); on an LL4 engine with a 700 R4 transmission, hook up continuity (infinite resistance reading) across the IGN and EGR terminals. 


the leads across the connector terminals (see illustrations). If no continuity exists, the TPS is now correctly adjusted. If there's continu- 
3 Insert the correct “switch-on” gage block between the gage boss оп ity, the switch must be readjusted. Return to Step 1 and repeat this proce- 
the injection pump and the wide-open stop screw on the throttle shaft. dure. 
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2.187 Vacuum Regulator Valve (VRV) system used on LL4 models equipped with the M40 THM 409 automatic transmission 
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2.188 "VRV adjustment procedure (LL4 engines with THM 400 automatic transmissions) 


LL4 engines with a Vacuum Regulator Valve (VRV) 

LL4 engines equipped with the M40 THM 400 automatic transmission 
use a Vacuum Regulator Valve (VRV) instead of a TPS (see illustration). 
The VRV supplies a vacuum signal to the transmission vacuum modulator 
when the engine is under a load. This signalis proportional to throttle trav- 
el: At idle, maximum vacuum is present, at wide-open-throttle, zero vacu- 
um is present. This enables the vacuum modulator to regulate the 
transmission shift points and line pressure. 


Adjusting the VRV en LL4 engines 

1 Loosen the VRV retaining screws so it can rotate freely. 

2 Attach a vacuum source to the inner vacuum nipple and a vacuum 
gauge to the outer nipple (see illustration). Apply 20 in-Hg to the inner 
nipple. 

3 Insert the "switch-on" end of the VRV gage bar (Kent-Moore 
J-33043-2) between the gage boss on the injection pump and the wide- 
open stop screw on the throttle lever. 

4  Rotate and hold the throttle shaft against the gage bar. 

5 Facing the VRV, slowly rotate it clockwise until the vacuum gauge 
reads 8 in-Hg (1982 through 1986 models) or 11.5 in-Hg (1987 and later 
models). Hold the VRV atthis position andtightenthe retaining screws to 4 
to 5 ft-lbs. 


6 Check your work by releasing the throttle shaft and allowing it to re- 
turn to the idie stop position, then rotate the throttle shaft back against the 
gage bar to determine whether the vacuum gauge reads with 8 in-Hg 
(1982 through 1986 models) or 11.5 in-Hg (1987 and later models). If the 
indicated vacuum reading is outside specification, readjust the VRV. If it's 
within specification, and the engine is a 1982 through 1986 model, you're 
done; if it’s a 1987 or later model, proceed to the next Step. 

7  Withthe VRV correctly adjusted, the detent switch point must be con- 
firmed. Attach the leads of an ohmmeter or self-powered test light to the 
ignition terminal (pink wire with black stripe) and detent terminal (orange 
wire) of the pigtail connector (see illustration). 

8 insert the "switch-open" end of the gage tool (Kent-Moore J-36142, 
0.175-in) between the wide-open stop pin on the injection pump and the 
wide-open stop screw on the throttle lever. 

9  Rotatethe throttle lever against the gage tool. There shouldn't be any 
continuity (infinite resistance reading). 

10 Releasethe throttle lever and remove the switch gage tool. Rotate the 
throttle lever to the wide-open throttle position (lever stop screw touching 
the pump stop-pin). 

11 The switch must make continuity before wide-open-throttle (meter 
reading of 0 to 1 ohm). If switch closure is outside of specification, readust 
it. Return to Step 1 and repeat the procedure. l 
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2.189 VRV adjustment procedure (1987 and later LL4 models) 


Adjusting the VRV on sama early 1982 C, K or P trucks with the 
THM 400 transmission 


As a result of incorrect VRV calibration, these models have had prob- 
lems with high or late upshifts. The problem was corrected on models 
manufactured after March.1982 by installing a different VRV (part no. 
14057219). If you've had this type of problem with an early 1982 truck, 
here's how to verify that the VRV is the cause: 

1 Identify which VRV is on the engine. The old VRV rotating cam is 
green and the part number, 14033982, is cast into the body; the new VRV 
rotating cam is orange and the part number, 14057219, is white-lettered 
on the face of the VRV. 

2 (If the VRV is the old design, remove it; if it's the new design, go to 
Step 5. 

3 Install a new VRV (part no. 14057219). 

4  Adjustthe new VRV (see previous procedure). 

5 Ifthe new VRV is already installed, verify that it produces a vacuum 
of 8 in-Hg at ihe outer nipple when a vacuum of 20 in-Hg is applied to the 
inner nipple (see Steps 1 through 6 in the previous procedure). 

6  Checkthe vacuum output of the vacuum pump, which should be 20 
or 21 in-Hg. 


Vacuum pump – general information 

Unlike a gasoline engine, a diesel engine doesn't develop intake man- 
ifold vacuum — its air crossover and intake manifold are unrestricted. The 
vacuum needed to run vacuum-powered accessories (air conditioning 
servos, cruise control servo, transmission vacuum modulator, etc.) is pro- 
vided by a diaphragm type vacuum pump mounted in the same location 
as the distributor on a gasoline engine (except on some 6.2L engines 
equipped with the Stanadyne Model 80 fuel filter, which use a belt-driven 
pump see below). The pumpis driven by a cam inside the drive assembly 
to which it's attached. The pump's diaphragm moves back and forth, pull- 
ing air through the inlet port on the front, through the pump and out the rear 
port. | 

The drive housing assembly has a drive gear оп the lower end which 
meshes with a drive gear on the rear end of the camshaft (see illustra- 
tion). This drive gear rotates the cam in the drive housing; it also powers 
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2.190 Vacuum pump drive details 
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the oil pump. Caution: Because the vacuum pump drive assembly is also 
the drive for the engine oil pump, NEVER operate the engine without the 
drive and vacuum pump assembly installed. 
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2.192 Oil pump drive on belt-driven models 


On some 1984 and later models with a 6.2L engine and the Model 80 
fuel filter system, a belt-driven vacuum pump (see illustration) is used. 
The oil pump drive on these models is also different too — an oil pump drive 
replaces the gear driven vacuum pump (see illustration). 


Diagnosing the vacuum pump 

1 If the pump makes a loud clattering noise, the screws between the 
pump assembly and the drive assembly are probably loose. Tighten them. 
.2 Ifthe pump makes a hooting noise, the valve isn't functioning proper- 
ly. Replace the pump. 

3 If pump assembly is loose on the drive assembly — and won't tighten 
down -the threads are stripped. Repair the threads, if possible, or replace 
the pump. 

4  |fthere's oil around the drive assembly end plug, the plug is loose. 
Seat the plug or replace the drive assembly. 

5 If there's oil around the crimped bead at the circumference of the 
pump, the crimp is leaking. Replace the pump. 

6 Ifthe pump appears to be okay so far, check its operation (see below). 


Testing the vacuum pump 

1 Disconnect the vacuum hose from the pump inlet pipe. 

2 Attach a hose and vacuum gauge to the inlet pipe. 

3 With the engine running, the pump should reach at least 20 to 21 in- 
Hg within 30 seconds; with the engine off, the pump shouldn't lose more 
than 1 in-Hg in less than 1-1/2 seconds. 

4 If the pump checks out okay, go to the next Step. If it doesn't, i.e. if 
there's a low reading or a fluctuating reading, check the gauge and con- 


nections for leaks. Also check the idle rpm. If the pump is belt-driven, 
check the belt tension and the fit of the pulley on its shaft. 

5  Reattach the vacuum hose to the pump. Insert a tee-fitting between 
the vacuum hose and accessories. Place the tee as close as possible to 
the pump inlet. Attach the vacuum gauge to the tee (see illustration). 
Start the engine. At idle, the indicated vacuum should be no more than 3 
in-Hg less than the vacuum measured previously after one minute. If it 
isn't, the problem is not in the vacuum system; if it is, recheck all hoses for 
leaks and repair as necessary. If the indicated vacuumis still low, check ali 
vacuum accessories for out-of-specification leaks. Repair or replace as 
required. 


Diesel Electronic Control System 
(DECS) — general information 


Note: At the time of publication, both the California and Federal versions 
of the Diesel Electronic Control System (DECS) — and a lot of other fuel 
system components as well (see your dealer for a complete description of 
the coverage on your vehicle) — are protected by a Federally-mandated, 
extended warranty of 5 years/50,000 miles; recent Federal legislation will 
have doubled this figure by the time you read this. During the warranty pe- 
riod, every emission-related device in the DECS that malfunctions can be 
tested, serviced and/or replaced under the terms of the emissions warran- 
ly. If a failure occurs after the terms of the warranty have expired, we don't 
recommend that you attempt to service either system. Troubleshooting 
them is fairly complex and requires considerable experience with electri- 
cal diagnosis. 


However, their general operation isn't that difficult to understand, and 
GM has equipped both 5.7L and 6.2L engines with a trouble code system 
to help you pinpointthe source of a problem. So we've included a brief de- 
scription of the sensors, the actuators, the trouble codes and how to ac- 
cess them, for those readers who want to know more about DECS. 

The primary purpose of the DECS is to regulate the Exhaust Gas Re- 
circulation (EGR) system in accordance with the applicable California or 
Federalemission contro! regulations. The DECS uses an electronic contol 
module (ECM) and various engine sensors and output actuators to ac- 
complish this task. 

Though they operate within different parameters, the California and 
Federal versions of the DECS are similar in operation. The ECM controls 
the amount of EGR introduced into the intake by turning an EGR solenoid 
— which regulates the vacuum signal to the EGR valve — on and off. The 
ECM computes the amount of EGR based on various inputs to the ECM 
fromthe engine sensors. The three main sensor inputs to the ECM are en- 
gine rpm, vehicle speed and the position of the fuel metering valve on the 
injection pump. 
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2.193 Test setup for checking the vacuum pump 
vacuum at idle 
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2.194a А typical under-dash ECM installation on a 5.7L model 
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2.194b Atypical ECM installation above the glove 
compartment on a 6.2L model (C and K truck shown) 


ECM 
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2.194c A typical under-the-seat ECM installation 
(G truck shown) 


The ECM varies the on and off time ofthe EGR solenoid in accordance 
with the information it receives from these three inputs. A Manifold Abso- 
lute Pressure (MAP) sensor monitors the ECM control of EGR by measur- 
ing the amount of absolute pressure in the EGR vacuum line. Even a minor 
variance between calculated EGR and actual EGR causes the ECM to al- 
ter EGR to the correct amount. If the variance exceeds the amount of cor- 
rection possible, an error is detected by the ECM and a Check Engine 
Light is displayed on the dash. A self-diagnostic feature is also included 
on 1985 and later California models with 6.2L engines. 


Electronic Control Module (ECM) 

The Electronic Control Module (ECM) (see illustrations) is the brain 
of the DECS. It constantly monitors the engine sensors and controls the 
EGR and other systems that affect engine performance. In order to use 
the same ECM unit on different vehicles, GM manufactures a Program- 
mable Read-Only Memory (PROM) for each specific model. If you have 
to replace the ECM, it won’t have a PROM. You will have to either swap 
the PROM from the old ECM unit or install a new PROM. If you have to 
replace a PROM, make absolutely sure you get the right unit for your ve- 


hicle. It's a good idea to take the PROM with you when buying a new one 
to prevent the possibility of buying the wrong one. 


Information sensors (inputs) 

A typical DECS uses several inputs — an engine rpm signal, a vehicle 
speed sensor, a Manifold Absolute Pressure (MAP) sensor, a Metering 
Valve Sensor (MVS), a transmission gear position indicator (not used on 
THM 200-C units), an engine coolant temperature sensor and a brake 
switch signal. 

The engine rpm signal is supplied from the alternator terminal R to the 
ECM. As engine rpm increases, the frequency of voltage “pulses” from the 
alternator also increases, providing the ECM with engine speed data. The 
ECM uses this rpm signal to compute various output functions and to com- 
pare it with other input signals. 

The ECM applies 12 volts to its own terminal N and monitors the volt- 
age at this terminal. Terminal N is connected to the VSS circuit, which al- 
ternately grounds and ungrounds when the drive wheels are turning. This 
pulsing action takes place about 2000 times per mile; the ECM calculates 
vehicle speed based on the time between “pulses.” The speed of vehicle 
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2.194d Electrical schematic for a typical Diesel Electronic Control System (DECS) on е 5.7L model 
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2.194e Electrical schematic for a typical Diesel Electronic Control System (DECS) cn a 6.2L model 
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2.195 Typical Vehicle Speed Sensor (VSS) assembly 
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is sensed by a speed sensor, which consists of a light-emitting diode 
(LED) and a phototransistor, both of which are enclosed in the connector. 
The connector is located in the back of the speedometer cluster, next to 
the speedometer cable (see illustration). A wiring harness connects the 
sensor to the ECM. When a voltmeter is hooked up between terminal N 
of the ECM and ground, and the speedometer cable is turned, the voltage 
swings between 8 and less-than-1 volt. 

The MAP sensor (see illustration) monitors vacuum in the EGR vacu- 
um circuit. It also sends the ECM a barometric (BARO) pressure (altitude) 
signal when the ignition switch is on with the engine not running, or with 
the engine running when the EGR isn't functioning. The BARO signal al- 
lows the ECM to control altitude-related injection pump timing and meter- 
ing valve travel at wide-open throttle. The BARO signal is also used by the 
ECM - along with the EGR control pressure, coolant temperature, meter- 
ing valve position, TCC state, vehicle speed and engine rpm — to deter- 
mine and control the EGR pulse-width modulated duty cycle (the length 
of the on and off times for the EGR solenoid). During normal operation, 
the ECM compares its EGR duty cycle signal with the MAP signal and 
makes appropriate corrections. 

If the EGR control pressure (line vacuum) varies more than 8.11 kPa 
from what the ECM has determined the pressure should be — and if this 
variance lasts for more than 10 seconds — a Code 53 is set and the ECM 
shuts down the EGR. The Check Engine light (CEL) goes on, and stays 
on, and the EGR remains off, until the ignition switch is cycled off. But the 
CEL turns off if the malfunction is cleared on all codes except Code 53. 
In either case, the code remains in memory while the ignition switch is on 
and voltage is applied to ECM terminal A. 

If the throttle goes to its wide-open position, the EGR vacuum signal 
has zero vacuum (atmospheric pressure). The MAP sensor reads the at- 
mospheric pressure, which is proportional to vehicle altitude. The pres- 
sure data is stored in the ECM ana is used to modify the EGR vacuum 
signal. Thus, the EGR vacuum signal is altered for changes in altitude. 

The Metering Valve Sensor (MVS) (see illustration) is a variable re- 
sistor that tells the ECM the position of the metering valve. The sensor is 
connected to V-REF and has the highest resistance at closed throttle. At 
wide open throttle, the resistance is lowest and output is about five volts. 
A failure in the sensor turns on the CEL, setting a Code 21 for alow MVS 
signal, or a Code 22 for a high MVS signal. The MVS output is used by 
the ECM to determine the duty cycle of the EGR. 

Some transmissions have a 3rd/4th gear switch (2nd/3rd on THM 
125-C units) to send a signal to the ECM telling it what gear the transmis- 
sion is in. The ECM uses this information to vary the conditions under 
which the clutch applies or releases. However, the transmission doesn’t 
have to be in high gear for the ECM to turn on the TCC. Transmissions 
using gear select switches can be identified by three or four wires coming 
out of the TCC connector. l 

The brake switch signal is 12 volts to the ECM from the brake light 
switch. It tells the ECM that the brakes are applied. The ECM uses this 
signal to delay the EPR to improve driveability. 
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2.196 Typical Manifold Absolute Pressure (MAP) sensor 
installation оп the air cleaner housing 
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2.197 Typical Metering Valve Sensor (MVS) assembly 
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2.198 Typical coolant sensor 


The engine coolant temperature sensor is a thermistor (a resistor 
which changes its resistance value in accordance with the temperature) 
mounted in the engine coolant stream (see illustration). Low coolant 
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2.199 Typical fast idle solenoid installation 


temperature produces a high resistance (100,000 ohms at -40-degrees 
F); conversely, a high temperature causes a low resistance (70 ohms at 
266-degrees F). The ECM supplies a 5-volt signal to the coolant sensor 
through a resistor in the ECM and measures the voltage. The voltage is 
high when the engine is cold, and low when the engine is hot. By measur- 
ing the voltage, the ECM knows the engine coolant temperature, which 
affects most of the systems controlled by the ECM. A failure in this circuit 
sets either a Code 14 or a Code 15. Remember, these codes indicate a 
failure in the coolant temperature circuit, so service will consist of either 
repairing a wire or replacing the sensor. 


Outputs 
A typical DECS also uses several outputs — an EGR solenoid, an Ex- 
haust Pressure Regulator (EPR) solenoid, a Transmission Converter 


Clutch (TCC), a Housing Pressure Cold Advance (HPCA) and a Housing 
Pressure Altitude Advance (HPAA). The EGR solenoid controls vacuum 
to the EGR valve. The EPR solenoid controls vacuum to the EPR valve. 
Both of these solenoids are described earlier in this chapter. 

The TCC system has a solenoid-operated valve in the automatic trans- 
mission which couples the flywheel to 

the output shaft of the transmission through the torque converter to re- 
duce slippage losses in the converter, which increases fuel economy. 

The fast idle solenoid (see illustration) is an ECM-controlled plunger- 
type solenoid which is normally retracted (de-energized). It's extended 
(energized) when engine coolant temperature is below 100-degrees F 
(cold engine) or above 248-degrees F (overheated engine). 

The HPCA system advances engine timing when the engine is cold. 
The HPCA solenoid is described earlier in this chapter. The HPAA sole- 
noid is located in the fuel return line between the fuel injection pump and 
the fuel tank (see illustration). It regulates pump housing pressure by al- 
tering pump timing in response to changes in altitude. 


The trouble codes 
Trouble in the DECS is indicated by a Check Engine Light (CEL) that 
doesn't go off after the engine is started. Normally, the CEL comes on 
when the key is turned to On, then goes off as soon as the engine starts. 
Ifthe CEL stays on, you've got trouble somewhere. To access the trouble 
codes, you must bridge the diagnostic terminal of the Assembly Line Data 
Link (ALDL) connector to the ground terminal (see illustration). The 
ALDL connector is wired to the ECM and is located under the dash. 
When the ALDL is grounded, the CEL flashes its usual Code 12 and 
then follows that with any stored codes. Each code appears as a series 
of blinking flashes. Here are a few helpful things to know about the way 
the system works: 
1 Generally, ittakes at least 10 seconds for.the CEL to come on when a 
problem occurs. If the malfunction disappears before that threshold, the 
light will usually go out — but a trouble code will be set in the memory of the 
ECM. 
2  Theexceptionis Code 53, which will lock the CEL on until the ignition 
is turned off. 
3 Code 12 doesn't store in memory. 
4 ifthe CEL comes on intermittently, but no code is stored, check all 
connections for a tight fit. If the problem persists, take the vehicle to a deal- 
er service department or other repair shop. 
5  Anycodesstored will be erased when the ignition switch is turned off. 
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2.200 Schematic for а typical Housing Pressure Cold Advance (HPCA)-Housing Pressure Altitude Advance 
(HPAA) and Altitude Fuel Limiter (AFL) circuit 
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TROUBLE CODES (5.7L engines) 


No engine rpm signal pulses to the ECM while cranking the engine. This code isn't 
stored in memory and only flashes while the fault is present. With the ignition on and 
the engine off, this is a normal code. 


Code 12 


Code 14 
Code 15 


Code 21 
Code 22 
Code 24 


Code 41 
Code 51 
Code 53 


Code 55 


Grouuded coolant sensor circuit — low voltage at ECM terminal W. 


Open coolant sensor circuit — high voltage at ECM terminal W. 


Metering Valve Sensor (MVS) circuit voltage low at ECM terminal R (grounded circuit 
or misadjusted MVS) 


Metering Valve Sensor (MVS) circuit voltage high at ECM terminal R (open circuit 
or misadjusted MVS). 


Vehicle Speed Sensor (VSS) circuit — rpm and MVS signals indicate vehicle should 
be be in motion with inadequate VSS signal. 


No engine rpm signal pulses to the ECM while the vehicle is in motion. Code will store 
in memory. 


Faulty or improperly installed calibration unit (PROM). 


Exhaust Gas Recirculation (EGR) valve MAP sensor has incorrect EGR vacuum. 


Grounded 5-volt reference circuit and/or faulty ECM. Low voltage at terminal C of 
ECM. 
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TROUBLE CODES (6.2L engines) 


No engine rpm reference pulses. This code isn't stored in the memory and will only 
flash while the fault is present; it's a normal code with the ignition on and the engine 
not running. 


Code 33 


Code 52 


Code 53 


Throttle Position Sensor (TPS) circuit 417 sensor signal voltage high on ECM pin A-2 
(open circuit or misadjusted TPS). The engine must run for two minutes to set this 
code. 


Throttle Position Sensor (TPS) circuit 417 sensor signal voltage low on ECM pin A-2 
(grounded circuit). The engine must run at 1250 rpm or above before this code will 
set. 


Vehicle Speed Sensor (VSS) is detected when the engine is running. RPM and 
throttle position indicate the vehicle should be in motion, with inadequate VSS signal 
(open or grounded circuit). The vehicle must be at road speed for 10 seconds to set 
the code. 


Manifold Absolute Pressure (MAP) sensor signal voltage too low. The engine must 
run at idle for 10 seconds to set this code. 


EGR vacuum circuit has seen improper EGR vacuum (closed loop error). The ve- 
hicle must be running at a road speed of about 30 mph for 10 seconds before this 
code will set. 


Manifold Absolute Pressure (MAP) sensor signal voltage too high. Possibly a vacu- 
um leak — check for a poor connection at the sensor hose. The engine idle for 10 
seconds to set this code. | 


PROM malfunction — probably incorrectly installed in socket. It takes 10 seconds to 
Set this code. 


ECM fault — analog-to-digital converter fault. it takes 10 seconds to set this code. 


5-volt reference (V-REF) circuit overloaded code (grounded circuit). It takes 10 sec- 
onds before this will set. 
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2.201 Details of the Assembly Line Data Link (ALDL) connector 


In-vehicle engine repairs 


General information 

This Part of Chapter 2 is devoted to in-vehicle repair procedures for 
the 5.7L and 6.2L GM diesel engine. All information concerning engine re- 
moval and installation and engine block and cylinder head overhaul can 
be found in Chapter 4. 

The following repair procedures are based on the assumption that the 
engine is installed in the vehicle. If the engine has been removed from the 
vehicle and mounted on a stand, many of the steps outlined in this Part 
of Chapter 2 will not apply. 

The Specifications included in this Part of Chapter 2 apply only to the 
procedures contained in this Part. Chapter 4 contains the Specifications 
necessary for cylinder head and engine block rebuilding. 


Repair operations possible with the engine 
in the vehicle 


Many major repair operations can be accomplished without removing 
the engine from the vehicle. 

Clean the engine compartment and the exterior of the engine with 
some type of degreaser before any work is done. It will make the job easier 
and help keep dirt out of the internal areas of the engine. 

Depending on the components involved, it may be helpful to remove 
the hood to improve access to the engine as repairs are performed. Cover 
the fenders to prevent damage to the paint. Special pads are available, 
but an oid bedspread or blanket will also work. 

If vacuum, exhaust, oil or coolant leaks develop, indicating a need for 
gasket or seal replacement, the repairs can generally be made with the 
engine in the vehicle. The intake and exhaust manifold gaskets, timing 
cover gasket, oil pan gasket, crankshaft oil seals and cylinder head gasket 
are all accessible with the engine in place. 

Exterior engine components, such as the intake and exhaust man- 
ifolds, the oil pan (and the oil pump), the water pump, the starter motor, 
the alternator, the vacuum pump and the fuel system components can be 
removed for repair with the engine in place. 

Since the cylinder head can be removed without pulling the engine, 
valve component servicing can also be accomplished with the engine in 
the vehicle. Replacement of the timing chain and sprockets is also possi- 
ble with the engine in the vehicle. 

In extreme cases caused by a lack of necessary equipment, repair or 
replacement of piston rings, pistons, connecting rods and rod bearings is 


2.202 Remove the air conditioning compressor from the bracket, 
but do not disconnect the refrigerant lines 


2.203 Onthe 6.2L diesel engine, disconnect the fuel lines from 

the injectors and lift the lines up only three to four inches to allow 

just enough clearance for the valve cover. Do not bend or twist 
the lines in any way that wil! damage them 


possible with the engine in the vehicle. However, this practice is not rec- 
ommended because of the cleaning and preparation work that must be 
done to the components involved. 


Valve covers — removal and installation 


Note: When removing the valve covers on the 5.7L diesel engine, it is not 
necessary to remove the injection pump and the fuel lines as an assembly. 
Remove the injection pump lines from the left or right side, depending on 
which cover is being removed. On the 6.2L, carefully lift the fuel lines off 
the valve cover and make sure they do not bend — bent lines will cause 
poor performance. 


Removal 

1 Disconnect the negative cable from the battery. 

2 Remove the air cleaner assembly. If the vehicle is equipped with air 
conditioning, remove the compressor (see illustration) and set it off to the 
side without disconnecting the refrigerant lines. 

3  Disconnectthe injection lines (referto the Fuel System Section in this 
Chapter) (see illustration). 

4 Remove the valve cover mounting bolts/nuts (see illustration). Re- 
member to make a note of the locations of the stud bolts that are used to 
attach the injector line brackets. 

5 A special tool is recommended to remove the valve cover (see illus- 
tration). This tool will allow the flanges to separate from the cylinder head 
without damaging the valve cover. Engage the tabs on the special tool un- 
der the valve cover flange and tighten the tool, forcing it against the intake 
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2.204 Valve cover details on a GM 5.7L engine 


Apply a 3/32" bead of R. T. V. 
(room temperature vulcanizing) 
sealer on the valve cover 

as shown, 


2.206 Allow the RTV sealer to “set up” (slightly harden) 


before installing the valve cover 


manifold. If the flange starts to bend, stop and leave the tool in place. Wrap 
a narrow board in a shop rag and place it against the side of the valve cov- 
er. Strike the board with a mallet or hammer. This will dislodge the valve 
cover from the cylinder head. Remove the valve cover. 


Installation 

6 The mating surfaces of each cylinder head and valve cover must be 
perfectly clean when the covers are installed. Use a gasket scraper to re- 
move all traces of sealant or old gasket, then wipe the mating surfaces with 
acloth saturated with lacquer thinner or acetone. If there is sealantoroilon 
the mating surfaces when the cover is installed, oil leaks may develop. 
Also, check the surface of the valve cover to make sure it is level and not 
bent or damaged. 

7 Make sure the threaded holes are clean. Run a tap into them to re- 
move corrosion and restore damaged threads. 

8 Apply a thin bead (3/32 inch) of RTV sealant to the cover flange (see 
illustration), then position the gasket inside the cover lip and allow the 
sealant to set up so the gasket adheres to the cover (if the sealant is not 
allowed to set, the gasket may fall out of the cover as it is installed on the 
engine). 

9  Carefully position the cover on the head and install the bolts. 

10 Tighten the nuts/bolts in three steps to the torque listed in this Chap- 
ter's Specifications. 

11 Theremaining installation steps are the reverse of removal. 

12 Startthe engine and check carefully for oil leaks as the engine warms 
up. 


BURROUGHS BT8315 


2.205 The special valve cover removing tool 
(Burroughs BT8315) can be purchased at a dealership 
parts department 


Rocker arms and pushrods – removal, 
inspection and installation 


Note: Because the diesel engine has such a high compression ratio, there 
is minimal valve-to-piston clearance. It is important to have a rigid valve 
train that insures precise valve train motion throughout the speed range. 

The rocker arms consist of nodular iron with a steel backed bushing. 
The shafts are bolted to the case stanchions on the cylinder head. Oil is 
supplied to the rocker arm through the hollow pushrod and the rocker arm 
has drilled passages that provide a path for the oil to the bushings, etc. 

The 6.2L diesel engine (see illustration) uses a hardened steel 
spacer anda metric washer at the rocker shaft attachment. 1983 and 1984 
models use a non-hardened spacer and steel cleat (the steel cleat has a 
90-degree gap to the bolt to prevent closure). 1985 and later models are 
equipped with steel stamped rocker arms, a large diameter steel shaft 
bolted directly to the cylinder head pedestal, individual plastic locators and 
an open top which permits splash lubrication of the bearing surface (see 
illustration). 


Removal 

1 Detach the valve covers from the cylinder heads. 

2 Beginning at the front of one cylinder head, loosen and remove the 
rocker arm nuts or bolts (see illustration). Store them separately in 
marked containers to ensure that they will be reinstalled in their original 
locations. 

Note: On 1985 and later 6.2L diesel engines, insert a screwdriver into the 
bore of the rocker shaft and break off the ends of the nylon rocker arm re- 
tainers (see illustration 2.208). Use a pair of pliers and remove the re- 
maining piece of the retainer by prying up. 

3 Lift off the rocker arms and pivots or shafts and store them in the 
marked containers with the nuts or bolts (they must be reinstalled in their 
original locations). 

4 Remove the pushrods and store them in order to make sure they will 
not get mixed up during installation (see illustration). 


Inspection 

5 Check each rocker arm for wear, cracks and other damage, especial- 
ly where the pushrods and valve stems contact the rocker arm faces. 

6 Make sure the hole at the pushrod end of each rocker arm is open. 
7 Check each rocker arm pivot area for wear, cracks and galling. If the 
rocker arms are worn or damaged, replace them with new ones and use 
new pivots or shafts as well. 

8  Inspectthe pushrods for cracks and excessive wear at the ends. Roll 
each pushrod across a piece of plate glass to see if itis bent (ifitwobbles, it 
is bent). 


Installation 
9 Lubricate the lower end of each pushrod with clean engine oil or moly- 


base grease and install them in their original locations. Make sure each 
pushrod seats completely in the lifter socket. 


ee 
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2.207 An exploded view of the rocker arm assembly on the 1982 through 1984 6.2L diesel engine 


ROCKER ARM RETAINERS 


REMOVING NYLON RETAINERS 


2.208 An exploded view of the rocker arm assembly on the 1985 and later 6.2L diesel engine 


2.209 Instead of loosening each bolt completely, alternate the 2.210 A perforated cardboard box ran be used to store the 
bolt pattern to allow the assembly to remain level as it is loosened pushrods to ensure that they are reinstalled in their 
original locations 
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lubricated with moly-base grease prior to 
installation of the rocker arms 


PIVOT 


BRIDGE 


2.212 On 5.7L OM diesels, check the rocker arm 
casting number пи the bridge to distinguish the original 
from the replacement part 


10 Apply moly-base grease to the ends of the valve stems and the upper 
ends of the pushrods before installing the rocker arms (see illustration). 
Note: 1978 through 1983 5.7L engines may experience a valve train tick- 
ing noise and/or backfiring condition. This condition may be caused by 
rocker arm pivot wear. The original rocker bridge (see illustration) must 
be replaced with an updated version (see illustration) that is distin- 
guished by the casting marks on the bridge. 

11 Beforeinstalling the bolts through the shafts on 1982 models, be cer- 
tain the ring around the shaft is installed with the split at the bottom (see 
illustration 2.207). On 1983 and later, the split is 90-degrees to the right. 
On 1985 and later, there is NO split used. On 1985 and later 6.2L diesel 
engines, install a new nylon rocker arm retainer (Part #2350076) in each 
1/4-inch hole using a drift of approximately 1/2-inch in diameter. 

12 Setthe rocker arms in place. 


Adjustment 

13 Bring the number one piston to top dead center (TDC) on the com- 
pression stroke (see the Timing chain and sprockets — inspection, removal 
and installation procedure later in this Chapter). 

14 Rotate the engine 30-degrees BTDC or 3-1/2 inches counterclock- 
wise measured on the balancer. This will position the engine so that NO 
valves will be close to the piston heads. 

15 Tighten the bolts evenly. Make several passes to insure that the rock- 
er arm assembly does not bind at any point. 

16 Tighten each bolt to the torque listed in this Chapter's Specifications. 
17 Install the valve covers. Start the engine, listen for unusual valve train 
noises and check for oil leaks at the valve cover joints. 


Chapter 2 GM 5.7L and 6.2L V8 engines 


BRIDGE 


2.213 Replace the old rocker arm bridge with this 
updated version to avoid backfiring or excess noise 
from the rocker arm assemblies 


2.214 This air hose adapter is a combination of a special pipe 
fitting and an air hose fitting — both ware purchased 
at a hardware store 


Valve springs, retainers and seals — replacement 
in vehicle 


Note: Broken valve springs and defective valve stem seals can be re- 
placed without removing the cylinder head. Two special tools and a com- 
pressed air source are normally required to perform this operation, so read 
through this Section carefully and rent or buy the tools before beginning 
the job. If compressed air is not available, a length of nylon rope can be 
usedto keep the valves from falling into the cylinder during this procedure. 
1 Remove the valve cover from the affected cylinder head. If all of the 
valve stem seals are being replaced, remove both valve covers. 

2 Remove the glow plug from the cylinder which has the defective com- 
ponent. If all of the valve stem seals are being replaced, all of the glow 
plugs should be removed. 

3 Turn the crankshaft until the piston in the affected cylinder is at top 
dead center (TDC) on the compression stroke (refer to the Timing chain 
removal and installation procedure later in this Chapter). If you are replac- 
ingall ofthe valve stem seals, begin with cylinder number one and work on 
the valves for one cylinder at a time. Move from cylinder-to-cylinder, fol- 
lowing the firing order sequence (1-8-4-3-6-5-7-2). 
4 Thread an adapter into the glow plug hole (see illustration) and con- 
nect an air hose from a compressed air source to it. Most auto parts stores 
can supply an air hose adapter. Note: Many cylinder compression gauges 
utilize a screw-in fitting that may work with your air hose quick-disconnect 
fitting. 

5 Remove the rocker arm(s) (or rocker arm shaft assembly) for the 
valve with the defective part and pull out the pushrod. If all of the valve 
Stem seals are being replaced, all of the rocker arms and pushrods should 
be removed. 
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2.215 With the compressed air holding the intake and exhaust 


valve closed, compress the springs with a valve 
spring compressor 


6 Apply compressed air to the cylinder. The valves should be held in 
place by the air pressure. If the valve faces or seats are in poor condition, 
leaks may prevent the air pressure from retaining the valves — refer to the 
alternative procedure below. 

7 If you do not have access to compressed air, an alternative method 
can be used. Position the piston at a point 45-degrees before TDC on the 
compression stroke, then feed along piece of nylon rope through the glow 
plug hole until it fills the combustion chamber. Be sure to leave the end of 
the rope hanging out of the engine so it can be removed easily. Use a large 
breaker bar and socket to rotate the crankshaft in the normal direction of 
rotation until slight resistance is felt as the piston comes up against the 
rope in the combustion chamber. 

8 Stuff shop rags into the cylinder head holes above and below the 
valves to prevent parts and tools from falling into the engine, then use a 
valve spring compressor to compress the spring/damper assembly (see 
illustration). Remove the keepers with a pair of small needle-nose pliers 
or a magnet. Note: A couple of different types of tools are available for 
compressing the valve springs with the head in place. One type (shown 
here) grips the lower spring coils and presses on the retainer as the knob is 
turned, while the other type utilizes the rocker arm shaft for leverage. Both 
types work very well, although the lever type is usually less expensive. 
9  Removethe spring retainer or rotator, oil shield and valve spring as- 
sembly, then remove the valve stem seal. Several different sizes of valve 
stem oil seals are used on these engines, depending on intake or exhaust 
valves and oversize valves. Consult the chart in Chapter 4, Valves — serv- 
icing. Note: /f air pressure fails to hold the valve in the closed position dur- 
ing this operation, the valve face or seat is probably damaged. If so, the 
cylinder head will have to be removed for additional repair operations. 
10 Wrap a rubber band or tape around the top of the valve stem so the 
valve will not fall into the combustion chamber, then release the air pres- 
sure. Note: /f a rope was used instead of air pressure, turn the crankshaft 
slightly in the direction opposite normal rotation. 

11 Inspectthe valve stem for damage. Rotate the valve in the guide and 
checkthe endfor eccentric movement, which would indicate thatthe valve 
is bent. 

12 Move the valve up-and-down in the guide and make sure it doesn't 
bind. If the valve stem binds, either the valve is bent or the guide is dam- 
aged. In either case, the head will have to be removed for repair. 

13 Inspect the rocker arms for wear (see the previous Sub-section). 
14 Reapply air pressure to the cylinder to retain the valve in the closed 
position, then remove the tape or rubber band from the valve stem. If a 
rope was used instead of air pressure, rotate the crankshaft in the normal 
direction of rotation until slight resistance is felt. 

15 Lubricate the valve stem with engine oil and install a new oil seal of the 
type originally used on the engine. If the engine has O-ring type seals, 
compress the spring first, then install the seal. 

16 Install the spring/damper assembly and shield in position over the 
valve. 


2.216 Apply е small dab of grease to each keeper ва shown here 
before installation — it'll hold them in place on the valve stem a« 
the spring is released 


2.217 Remove the bolt (arrow) and bracket and lift the pump 
from the block (intake manifold removed for clarity) 


17 Install the valve spring retainer or rotator and compress the valve 
spring assembly. 

18 Position the keepers in the upper groove. Apply a small dab of grease 
to the inside of each keeper to hold it in place if necessary (see illustra- 
tion). Remove the pressure frcm the spring tool and make sure the keep- 
ers are seated. 

19 Disconnectthe air hose and remove the adapter from the glow plug 
hole. If a rope was used in place of air pressure, turn the crankshaft in the 
direction opposite normal rotation and pull it out of the cylinder. 

20 Install the rocker arms and pushrods. 

21 Install the glow plugs. 

22 Instali the valve covers. 

23 Startandrunthe engine, then check for oil leaks and unusual sounds 
coming from the valve cover area. 


Vacuum pump — removal and installation 
Caution: Do not operate the engine without the vacuum pump in place or 
the oil pump will not operate, leading to serious engine damage. 


Note: Further information on the vacuum pump, including testing proce- 
dures, are in the Emissions control Section of this Chapter. 


Removal 

1 Remove the hose from the outlet on the vacuum pump. 

2 Remove the bolt and the bracket that retain the pump to the intake 
manifold (see illustration). 
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O` RING SEAL 


LAE CT "O" Ring Seal 
in cavity of drive 
assembly 


Screws should be 
tightened evenly and to a 
torque of 12 Nem 

(9 Ft Lbs) 
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vise in area shown Care 
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to over tighten 
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The gear should be 

w free to turn when 
installing the 
Screws to the pump 
assembly 


2.218 Vacuum pump assembly details 


3  Liftthe pump out of the manifold. The pump can be disassembled, if 
necessary;be sure to replace the O-ring if you disassemble the pump (see 
illustration). 


Installation 

4 Insert the pump into the engine. Make sure the driven gear on the 
shaft of the pump meshes with the gear on the camshaft while inserting the 
oil pump intermediate shaft into the bottom of the vacuum pump. Some- 
times making the connection takes some patience and a slight turn until 
the pump drops down and “clicks” into position. 

5 Rotate the pump until the bracket and the bolt can be installed into the 
intake manifold. 

6 Install the vacuum hose. 


Intake manifold — removal and installation 

The intake manifold on the 5.7L engine has a separate air crossover 
assembly bolted to it. For information on removing and installing this as- 
sembly, refer to the Fuel system Section of this Chapter. The manifold on 
1980 through 1984 models has a manifold drain tube which is used to drain 
diesel fuel that accumulates in the area (see illustration). 

The intake manifold on the 6.2L is a combination of an intake manifold 


INTAKE MANIFOLD 
DRAIN TUBE 
DRAIN TUBE CLAMP 


SEALER © 
“О” RING 


(aa 


2.219 Location of the intake manifold drain tube 


2.220 Exploded view of the intake manifold on the 6.2L 
GM diesel engine 


and an air crossover assembly (see illustration). It is the spider air ple- 
num type which is completely separated from the coolant system. This al- 
lows the intake manifold to be removed without draining the cooling 
system. One important detail to remember is that the intake manifold can 
be installed backwards and still operate the engine. However, the mount- 
ing boss for the secondary fuel filter would be in the wrong position for filter 
installation. 


Removal 

1 Disconnectthe negative cable from the battery. Drain the cooling sys- 
tem (5.7L engines only). 

2 Remove the air cleaner assembly. On 6.2L engines, remove the 
crankcase ventilation lines from the intake manifold (see illustration). 
3 On 5.7L engines only, disconnect the upper radiator hose and the 
thermostat bypass hose from the water outlet. Also, disconnect the heater 
hose and the vacuum hose from the water control valve. 

4 On5.7L engines only, remove the air crossover assembly and stuff 
shop rags into the openings to prevent any objects from falling inside. 

5 Label and then disconnect any fuel lines, wires and vacuum hoses 
from the vehicle to the intake manifold. On 6.2L engines, disconnect the 
secondary fuel filter adapter (see illustration) and remove the adapter 
and filter as one unit. 

6  Detachthe throttle rod or cable from the fuel injection pump. If the en- 
gine is equipped with cruise control, remove the servo and accessories. 
7 Remove the alternator and brackets, if necessary. 

8 On5.7L engines only, disconnect the fuel line from the fuel pump and 
the fuel filter and remove the fuel filter with the bracket. 
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2.221 Remove the clamps from the crankcase ventilation lines 
and remove them from the intake manifold 


9 On5.7Lengines only, disconnect the fuel lines at the nozzles using a 
back-up wrench to prevent twisting the lines. Remove the injection pump 
and lines. (See the Fue/ system Section in this chapter). Be very careful 
not to bend the injection pump lines. Remove the fuel injection pump 
mounting adapter and intake manifold drain tube. 

10 Loosenthe intake manifold mounting bolts in 1/4-turn increments until 
they can be removed by hand. Follow the opposite sequence as indicated 
in the installation procedure (see illustration 2.220). The manifold will 
probably be stuck to the cylinder heads and force may be required to break 
the gasket seal. A large pry bar can be positioned under the cast-in lug 
near the thermostat housing to pry up the front of the manifold. Caution: 
Do not pry between the block and manifold or the heads and manifold or 
damage to the gasket sealing surfaces may result and vacuum leaks 
could develop. Lift the intake manifold from the engine block (see illustra- 
tion). 


Installation 

Note: The mating surfaces of the cylinder heads, block and manifold must 
be perfectly clean when the manifold is installed. Gasket removal solvents 
in aerosol cans are available at most auto parts stores and may be helpful 
when removing old gasket material that is stuck to the heads and manifold. 
Be sure to foliow the directions printed on the container. 


11 Use a gasket scraper to remove all traces of sealant and old gasket 
material, then wipe the mating surfaces with a cloth saturated with lacquer 
thinner or acetone. If there is old sealant or oil on the mating surfaces when 
the manifold is installed, oil or vacuum leaks may develop. Cover the lifter 
valley with shop rags to keep debris out of the engine. Use a vacuum 
cleaner to remove any gasket material that falls into the intake ports in the 
heads. 

12 Use a tap of the correct size to chase the threads in the bolt holes, 
then use compressed air (if available) to remove the debris from the holes. 
Warning: Wear safety glasses or a face shield to protect your eyes when 
using compressed air. 

13 Apply a thin coat of RTV sealant around the coolant passage holes 
(5.7L engine only) on the cylinder head side of the new intake manifold 
gaskets (there is normally one hole at each end). 

14 Position the gaskets on the cylinder heads. Make sure all intake port 
openings, coolant passage holes (5.7L engines only) and bolt holes are 
aligned correctly and the THIS SIDE UP is visible. 

15 Connectthe thermostat bypass hose to the water pump. 

16 Install the end seals onto the block (5.7L only). Apply a bead of RTV 
sealant to the edges to insure against oil leaks in the corners of the intake 
manifold. 

17 Carefully set the manifold in place. Do not disturb the gaskets and do 
not move the manifold fore-and-aft after it contacts the front and rear 
seals. 

18 Dip each manifold bolt into regular engine oil up to the bolt threads, 
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2.222 Remove the secondary fuel filter from the intake manifold 


2.224a Intake manifold tightening sequence on 
the 5.7L engine 


then install the bolts. Tighten the bolts to 15 ft-Ibs in the sequence shown 
(see illustrations). Work up to the final torque (see the Specifications) in 
three steps. 
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2.224b Intake manifold tightening sequence on the 6.2L engine 


19 On5.7Lengines only, install the fuel injection pump mounting adapter 
and seal. Note: A special seal installation tool may be needed to install the 
seal. Install the intake manifold drain tube, applying RTV sealant as 
shown (see illustration). 

20 Install the injection pump as described in the Fuel System Section 
(5.7L engines only). Follow the sequence and use the proper alignment 
marks. 

21 The remaining installation steps are the reverse of removal. 

22 Startthe engine and check carefully for oil, vacuum and coolant leaks 
at the intake manifold joints. 


Exhaust manifolds — removal and installation 
Warning: Allow the engine to cool completely before following this proce- 
dure. 
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2.225 Use penetrating lubricant to soak the threads before 
removing the nuts (arrows) from the studs 


Removal 

1 Disconnect the negative cable from the battery. 

2 Remove the air cleaner assembly. 

3  Removethe alternator and power steering braces (if equipped) from 
the right exhaust manifold. 

4  Disconnectthe glow plug wires and the glow plugs (see the Electrical 
system Section earlier in this Chapter). 

5  Unbolt the dipstick tube. 

6 Remove the heat shields, if equipped. 

7  Settheparking brake and block the rear wheels. Raise the front of the 
vehicle and support it securely on jackstands. Disconnect the exhaust 
crossover pipe from the manifold outlet (see illustration). Note: Often a 
short period of soaking with penetrating oil is necessary to remove frozen 
exhaust pipe attaching nuts. Use caution not to apply excessive force to 
frozen nuts, which could shear off the exhaust manifold studs. 

8 Remove the two front and two rear manifold mounting bolts first, then 
the center bolt(s) (see illustration) to separate the manifold from the 
head. Some models use locking tabs under the manifold bolts to keep the 
bolts from vibrating loose. On these models the tabs will have to be 
straightened before the bolts can be removed. 
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2.226 Exhaust manifold installation details en a 5.7L Cadillac engine 
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Installation 

9 Installation is basically the reverse of the removal procedure. Clean 
the manifold and head gasket surfaces of old gasket material, then install 
new gaskets. Do not use any gasket cement or sealer on exhaust system 
gaskets. 

10 Install all the manifold bolts and tighten them to the torque listed at the 
beginning of the Chapter. Work from the center to the ends and approach 
the final torque in three steps. 

11 Apply anti-seize compound to the exhaust manifold-to-exhaust pipe 
studs and nuts, and use a new exhaust “doughnut” gasket, if equipped. 


Cylinder heads — removal and installation 


Note: The 5.7L diesel engine uses updated cylinder head bolts that must 
be replaced when the cylinder head is removed and serviced. Тһе old style 
head bolts may stretch without breaking, resulting in insufficient torque at 
the bolt. The new style bolt is identified by a dash (-) on the bolt head (see 
illustration). /f the cylinder head is equipped with the new-style head 
bolt(s), itis not necessary to replace them. Refer to the chart (see illustra- 
tion) for the size and location of the updated head bolts. 

The 6.2L diesel engine uses updated head bolts on 1982 and 1983 
models only. The updated head bolts (part number 14077193) are avail- 
able at a dealership parts department (see illustration). 
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2.227 Identification of updated cylinder head bolts 


HEATER 


LEFT HAND 
BANK 


AIC 


LOCATION NUMBER PART NUMBER SIZE 

1 еш 22510580 1/2 - 13 x 3.10 

т cem — ә 22510582 1/2 - 13 x 3.10 STUD END 
3em — —1 22510579 1/2 - 13 x 4.30 

4um — ime 22510585 1/2 - 13 x 4.30 STUD END 


2.228 Оп the 5.7L engine, each updated head bolt has a part number æti location in the cylinder head 


| 


2.229 The updated head bolts on the 6.2L engine ara equipped 
with more threads to maintain the proper torque aver a long 
period of time 
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Removal 

1 Disconnectthe negative cable from the battery. Drain the cooling sys- 
tem. 

2 On 5.7L engines only, remove the fuel injection pump and lines, the 
intake manifold and the valve covers. 

3  On62Lengines only, remove the intake manifold, coolant crossover 
housing, fuel injection lines and the valve covers. 

4 On5.7L engines, detach both exhaust manifolds. On 6.2L engines, 
leavethe manifolds attached until the heads are removed from the engine. 
5 Remove the rocker arms and pushrods. 

6 Using & new head gasket, outline the cylinders and bolt pattern on a 
piece of cardboard (see illustration). Be sure to indicate the front of the 
engine for reference. Punch holes at the bolt locations. 

7  Loosen the head bolts in 1/4-turn increments until they can be re- 
moved by hand (see illustration). Work from bolt-to-bolt in a pattern that 
is the reverse of the tightening sequence. Note: Don't overlook the row of 
bolts on the lower edge of each head, near the glow plug holes. Store the 
bolts in the cardboard holder as they are removed. This will insure that the 
bolts are reinstalled in their original holes. 
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2.230 To avoid mixing up the head bolts, use a naw gasket to 
transfer the bolt hole pattern to a piece of cardboard, then punch 
holes to accept the bolts 


2.232 Pry the cylinder head, using a prybar on a bolt that is 
threaded into a cylinder bolt hole 


8  Liftthe heads off the engine. If resistance is felt, do not pry between 
the head and block as damage to the mating surfaces will result (see illus- 
tration). To dislodge the head, place a block of wood against the end of it 
and strike the wood block with a hammer. Store the heads on blocks of 
wood to prevent damage to the gasket sealing surfaces. Note: On 6.2L 
engines, remove the exhaust manifolds. Also, it is sometimes necessary 
toleave the corner head bolt in the cylinder head when removing the head 
because of the lack of clearance to the firewall. Remember to install the 
head bolt in the same hole before reinstalling the cylinder head. 

9 Cylinder head disassembly and inspection procedures are covered in 
detail in Chapter 4. 

Installation 

Note: The head gaskets on the 5.7L engine have been replaced with 
another type of head gasket normally found on engines equipped with 
0.030 inch oversize pistons. This head gasket is designed to prevent the 
possibility of a sealing ring "falling" into the combustion chamber. The up- 
dated head gasket can be purchased at a dealership parts department. 


10 The mating surfaces ofthe cylinder heads and block must be perfectly 
clean when the heads are installed. 


Color of 
gasket/seal Model year 

Grey 22519416 1978-1980 and 1983 0.030 O.S. 
Purple 22510719 1981 and 1982 0.030 O.S. 


Diameter 


А 3 À \ : *. 
Loosen the head bolts, following the reverse pattern of 
removal (see the illustrations under Installation) 


2.233 А die should be used to remove sealant and corrosion 
from the head bolt threads prior to installation 


11 Use a gasket scraper to remove all traces of carbon and old gasket 
material, then wipe the mating surfaces with a cloth saturated with lacquer 
thinner or acetone. If there is oil on the mating surfaces when the heads 
are installed, the gaskets may not seal correctly and leaks may develop. 
When working on the block, cover the lifter valley with shop rags to keep 
debris out of the engine. Use a vacuum cleaner to remove any debris that 
falls into the cylinders. i 

12 Check the block and head mating surfaces for nicks, deep scratches 
and other damage. If damage is slight, it can be removed with emery cloth. 
If itis excessive, machining may be the only alternative. 

13 Use a tap of the correct size to chase the threads in the head bolt 
holes in the block. Mount each bolt ina vise and run adie down the threads 
to remove corrosion and restore the threads (see illustration). Dirt, corro- 
sion, sealant and damaged threads will affect torque readings. 

14 Positionthe new gaskets over the dowel pins in the block. New cylin- 
der heads should not be installed without checking the dowel pin clear- 
ance. To test the dowel pins, install the cylinder head onto the engine 
WITHOUT the head gasket. Measure the clearance with a 0.005 inch feel- 
er gauge. There should be NO clearance, meaning the dowel pins are 
NOT keeping the cylinder head from resting completely on the block. 
15 Install the cylinder head gaskets and carefully position the heads on 
the block without disturbing the gaskets. 

16 Before installing the head bolts, coat the threads with regular engine 
oil. 

17 Install the bolts in their original locations and tighten them finger tight. 
Following the recommended sequence, tighten the bolts in several steps 
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2.234a Cylinder head torque sequence on a 5.7L diesel engine 
4 
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2.234b Cylinder head torque sequence un a 6.2L diesel engine 
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2.235 Disc type (conventional) hydraulic lifter 
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2.236 Roller type hydraulic lifter 


to the torque listed in this Chapter's Specifications (see illustrations). 
Note: On 6.2L diesel engines, use the torque and angle tightening proce- 
dure to tighten the head bolts. Also be sure to replace the headbolts (1982 
and 1983) with the updated versions. First, torque all the bolts to 20 ft-lbs in 
the correct sequence (see previous illustration). Second, retorque all the 
bolts to 50 ft-lbs, following the same sequence. Finally, turn each bolt an 
additional 90-degrees (1/4 turn). This is to insure a uniform bolt tension. 
18 The remaining installation steps are the reverse of removal. 


Hydraulic lifters — removal, inspection and installation 

GM diesel engines use two types of hydraulic lifters: disc type (see il- 
lustration) (1978 through 1980 5.7L) and roller type (see illustration). 
The diesel type lifters are not the same as the gasoline type lifters and they 
should NOT be interchanged at any time. 

A noisy valve lifter can be isolated when the engine is idling. Hold a me- 
chanic’s stethoscope or a length of hose near the location of each valve 
while listening at the other end. 


Removal 

1 Remove the intake manifold. 

2 Remove the rocker arms and pushrods. 

3 There are several ways to extract the lifters from the bores. Special 
tools designed to grip and remove lifters are manufactured by many tool 
companies and are widely available, but may not be needed in every case. 
On newer engines without a lot of varnish buildup, the lifters can often be 
removed with a small magnet or even with your fingers. A machinist's 
scribe with a bent end can be used to pull the lifters out by positioning the 
point under the retainer ring in the top of each lifter. Caution: Don't use 
pliers to remove the lifters unless you intend to replace them with new 
ones (along with the camshaft). The pliers may damage the precision ma- 


А 
STAMPING 


2.237 The oversize valve lifter is designated by a mark 
"O" on the block 


chined and hardened lifters, rendering them useless. On engines with a lot 
of sludge and varnish, work the lifters up and down, using carburetor 
cleaner spray to loosen the deposits. Note: Be sure to check the casting 
on the block for an oversize designation (see illustration). /f the block is 
stamped with a “О”, then the lifter is oversize. Make a note for proper parts 
identification. 

4 Before removing the lifters, arrange to store them in a clearly labelled 
box to insure that they're reinstalled in their original locations. Note: On 
engines equipped with roller lifters, the guide retainer and guide plates 
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2.238 Cylinder hel and components — exploded view 


1  Hyaraulic lifter 4 Guide retainer 6 Cylinder 8 Rocker arm assembly 10 Valve cover 
2  Pushrod 5 Head gasket 7 Bolt 9 Bolt 11 Bolt 
3 Guide plate 
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2.240 The foot of each lifter should be slightly convex - the side 


2.239 If the lifters are pitted or rough, they shouldn't be reused of another lifter can be used as a straightedge to check it; if it 
appears flat, it is worn and must not be reused 


must be removed before the lifters are withdrawn (see illustration). Re- 
move the lifters and store them where they won't get dirty. 


Inspection 

Disc lifters 

5 Parts for valve lifters are not available separately. The work required 

to remove them from the engine again, if cleaning is unsuccessful, out- 

weighs any potential savings from repairing them. In other words, if you 

suspect there might be a problem with the lifters — replace them with new 

parts. 

6 Clean the lifters with solvent and dry them thoroughly without mixing 

them up. 

7 Check each lifter wall, pushrod seat and foot for scuffing, score marks 

and uneven wear (see illustration). Each lifter foot (the part that rides on 

the camshaft) must be slightly convex, although this can be difficult to de- 

termine by eye (see illustration). If the base of the lifter is concave, the 

| lifters and camshaft must be replaced. If the lifter walls are damaged or 
: worn (whichis not very likely), inspectthe lifterbores inthe engine block as 

auti Chan —Ó z Е нишалар! aski If the pushrod seats (see illustration) are worn, check the pushrod 

ends. 
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2.242 The roller on roller lifters must turn freely — check for wear 
and excessive play as well 


2.244 Attach the puller to the vibration damper tighten the 
center bolt against the crankshaft 


8 If new lifters are being installed, a new camshaft must also be in- 
Stalled. If a new camshaft is being installed, then install new lifters as well. 
Never install used lifters unless the original camshaftis used and the lifters 
can be installed in their original locations. When installing lifters, make 
sure they're coated with moly-based grease or engine assembly lube. 
Soak the new lifters in oil to remove the trapped air. 


Roller lifters 

9  Checkthe rollers carefully for wear and damage and make sure they 
turn freely without excessive play (see illustration). 

10 Theinspection procedure for disc (conventional) lifters also applies to 
roller lifters. 

11 Unlike conventional lifters, used roller lifters can be reinstalled with a 
new camshaft and the original camshaft can be used if new lifters are in- 
stalled. 


Installation 

12 The original lifters, if they're being reinstalled, must be returned to 
their original locations. Coat them with moly-base grease or engine as- 
sembly lube. 

13 Install the lifters in the bores. 

14 Install the guide plates and retainer (roller lifters only). 

15 Install the pushrods and rocker arms. 

16 Install the intake manifold and valve covers. 


al 


2.243 Remove the bolts from the front pulley 


2.245 Attach the installation tool to the damper and slowly turn 
the nut until the damper rests directly against the crankshaft 


Vibration damper — removal and installation 

Removal 

1 Remove the drivebelts from the engine accessories (power steering, 
alternator, air conditioning compressor etc. — see the Maintenance Sec- 
tion in this Chapter) 

2 Remove the pulley from the face of the vibration damper (see illus- 
tration). 

3 Use a special puller (see illustration) and remove the vibration 
damper from the crankshaft. Watch carefully to make sure the pulley re- 
mains even with the timing chain cover as itis "backed-out". Any unneces- 
sary force will damage the crankshaft. 


Installation 

4 Use a special tool to install the vibration damper (see illustration). 
Watch carefully to make sure the damper is perfectly flush with the crank- 
shaft and not binding or offset. 


Crankshaft front oil seal – replacement 

Timing cuvar in place 

1 Remove the vibration damper. 

2  Carefully force the seal out of the cover with a seal removal tool. Be 
careful not to distort the cover or scratch the wall of the seal bore. 
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2.246 A special tool (GM tool J-25264 or equivalent) is 
recommended to install the front seal into the timing cover 


2.247 Be careful not to damage the seal bore when removing 
the old seal 


3  Cleanthe bore to remove any old seal material and corrosion. Posi- 
tion the new sealinthe bore with the open end of the seal facing IN. A small 
amount of oil applied to the outer edge of the new seal will make installa- 
tion easier — don't overdo it! 

4 Drive the seal into the bore with GM tool no. J-25264 (see illustra- 
tion) or a large socket and hammer until it’s completely seated. Select a 
socket that's the same outside diameter as the seal. 

5  Lubricate the seal lips with engine oil and reinstall the vibration 
damper. 


Timing cover removed 

6 Use a punch or screwdriver and hammer to drive the seal out of the 
cover from the backside. Support the cover as close to the seal bore as 
possible (see illustration). Be careful not to distort the cover or scratch 
the wall of the seal bore. If the engine has accumulated alot of miles, apply 
penetrating oil to the seal-to-cover joint on each side and allow it to soak in 
before attempting to drive the seal out. 

7 Clean the bore to remove any old seal material and corrosion. Sup- 
portthe cover on blocks of wood and position the new seal in the bore with 
the open end of the seal facing іп. A small amount of oil applied to the outer 
edge of the new seal will make installation easier. 

8 Drive the seal into the bore with a large socket and hammer until it is 
completely seated (see illustration). Select a socket that is the same out- 
side diameter as the seal (a section of pipe can be used if a socket is not 
available). 

9 Reinstall the timing chain cover. 
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2.248 Use a large socket that is slightly smaller than the outside 
diameter of the naw seal 


Timing chain cover — removal and installation 

The timing cover on the 5.7L is a one-piece unit that can be removed 
with the water pump attached (see illustration). The timing cover on the 
6.2L is a two-piece unit which separates from the water pump. The baffle 
is removed after the water pump is off to allow the cover to clear the injec- 
tion pump gears (see illustration). Also, itis necessary to remove the in- 
take manifold to gain access to the injection pump. 


Removal 

1 Remove the air conditioning compressor from the engine but do not 
disconnectthe lines. Set the compressor off to the side. Remove the pow- 
er steering pump from its brackets and set the assembly off to the side. Do 
not disconnect the power steering fluid lines from the pump. On 6.2L en- 
gines, refer to the Cooling system Section and remove the water pump. 
2 Remove the bolts and separate the crankshaft drivebelt pulley from 
the vibration damper. 

З Refer to the the next Sub-section (Timing chain and sprockets – in- 
spection, removal and installation) and position the number one piston at 
TDC onthe compression stroke. Caution: This step is essential if the tim- 
ing cover or timing probe is to be replaced or removed for any purpose. 
Once this has been done, do not turn the crankshaft until the timing chain 
and sprockets have been reinstalled. 

4  Mostenginesuse a large bolt threaded into the nose of the crankshaft 
to secure the vibration damper in position. If your engine has a bolt, re- 
move it from the front of the crankshaft, then use a puller to detach the vi- 
bration damper. Caution: Do not use a puller with jaws that grip the outer 
edge of the damper. The puller must be the type that utilizes bolts to apply 
force to the damper hub only. 

5  On62L engines, remove the intake manifold. 

6 Опб.21 епдіпеѕ, remove the injection pump (refer to the Fuelsystem 
Section in this Chapter). 

7 On6.2L engines, remove the bolts that retain the baffle to the inside of 
the cover and remove the baffle (see illustration). 

8 Onsome models, the timing cover cannot be removed with the oil pan 
in place. The pan bolts will have to be loosened and the pan lowered slight- 
ly for the timing cover to be removed. If the pan has been in place for an 
extended period of time itis likely the pan gasket will break when the panis 
lowered. In this case the pan should be removed and a new gasket in- 
stalled. 

9 Remove the bolts from the timing cover. It is important that the bolts 
are marked or a diagram is constructed designating the exact size and lo- 
cation of each of the timing cover bolts to prevent mix-ups when the cover 
is reassembled. Be sure to note the position of the stud bolts. 

10 Remove the timing cover. Be careful not to damage the gasket seal- 
ing surface of the cover by prying the cover on the wrong areas. 


Installation 


11 On5.7L engines, grind a chamfer on the end of each dowel pin to aid 
in reassembly. 
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2.249 Engine front cover on the 5.7L engine 
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2.250 Engine front cover an the 6.2L engine 


2.251 Remove the three bolts (arrows) from the baffle to release 
it from the timing chain cover 


2.252 On the 5.7L timing cover, install the front seal 
into the timing cover first, then apply RTV sealer into the 
corners of the seal 


‚GUIDE PAN SEAL WITH 
\ SMALL SCREW DRIVER 
i 


12 Ifanewoil pan gasket was installed, cut the excess material from the 
front end of the gasket on each side of the block. Ке ==. 
13 On5.7Lengines, trim about 1/8-inch from each end of a new front pan 4 AW 4 

seal. 

14 Install a new front cover gasket on the engine block and a new seal 
(see illustration) in the front cover (5.7L engine only). 

15 Apply RTV to the gasket surface and allow the sealer to "set up" 
(slightly harden). Apply a more generous portion to the corners. 


16 Оп 5.7L engines, place the cover on the front of the block and press 2.253 Guide the seal into the pan while hi 
down to compress the seal (see illustration). Rotate the cover left and - аш qam 
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2.256 On the 5.7L engine, the pump driven gear is in 
the offset position on number 1 TDC 


right and guide the pan seal into the cavity using a small screwdriver. 
17 On5.7L engines, install the two dowel pins (chamfered side first). 
18 The remaining installation is the reverse of removal 


Marking TDC an the front housing (6.2L engine) 

19 Turn the engine so the number one cylinder is at TDC. 

20 Install the timing fixture (Kent-Moore J-33042, or equivalent) in the 
fuel injection pump location (see illustration). Don't use a gasket. 

21 Theslotofthefuelinjection pump gear should be vertical, i.e. in the six 
o'clock position (see illustration). If it isn't, remove the fixture and rotate 
thecrankshaft 360-degrees. The timing marks onthe gears should now be 
aligned. 

22 Fasten the timing fixture with one 8 mm bolt and tighten it snugly. 
23 Install a 10 mm nut to the upper housing stud to hold the fixture. The 
flange nut should be finger tight. 

24 Tightenthe large bolt (18 mm head) counterclockwise (toward the left 
cylinder bank) to 50 ft-Ibs. Tighten the 10 mm nut securely. 

25 Makesurethe crankshaft hasn't rotated (and the fixture didn't bind on 
the 10 mm nut). 

26 Strike the scriber with a mallet to mark “TDC” on the front housing. 
27 Remove the timing fixture. 

28 Install the fuel injection pump with the gasket. 

29 Install one 8 mm bolt to attach the gear to the pump hub and tighten it 
to 16.5 ft-Ibs. 

30 Align the timing mark on the fuel injection pump to the front housing 
mark. Tighten the three 10 mm attaching nuts to 31 ft-lbs. 

31 Rotate the engine and install the remaining two pump gear attaching 
bolts and tighten to 16.5 ft-Ibs. 
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2.255 On the 6.2L engine, the slot on the fuel injection 
pump gear must be af a six o'clock position 


HOLD 
TORQUE TO 


INJECTION PUMP FLANGE 


2.257 With the scribing tool (J-26896) tightened to 50 
ft-Ibs, mark the injection pump adapter 


Marking TDC an the injection pump adapter (5.7L engines) 
32 Onthe5.7L engine, itis necessary to markthe TDC mark on the injec- 
tion pump adapter instead of the front cover if the adapter is replaced or 
damaged. 

33 Position the engine on number 1 TDC (see the procedure later in this 
Chapter). 

34 Withthe mark on the vibration damper on number 1 TDC, the index on 
the pump driven gear is offset to the right (see illustration). 

35 install the timing tool (J-26896) into the pump adapter (see illustra- 
tion) and tighten the tool to 50 ft-Ibs. Use a small hammer and strike the 
tool to make the mark in the adapter. 


Timing chain and sprockets — inspection, 
removal and installation 

Inspection 

1 Position the number one piston at TDC on the compression stroke 
(see Step 2). Caution: Once this has been done, do not turn the crank- 
shaftuntilthe timing chain and sprockets have been reinstalled. To inspect 
the timing chain, remove the timing chain cover and temporarily reinstail 
the vibration damper bolt. Using this bolt, rotate the crankshaft in a coun- 
terclockwise direction to take up the slack in the right (passenger's) side of 
the chain. Establish a reference point on the block and measure from that 
pointto the chain. Rotate the crankshaft in a clockwise direction to take up 
the slack in the left (driver's) side of the chain. Force the left side of the 
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2.258 Align the timing mark an the vibration damper with the 
zara mark an the timing probe 


chain out with your fingers and measure the distance between the refer- 
ence points and the chain. The difference between the two measurements 
is the slack. If the slack exceeds 1/2-inch, install a new chain and sprock- 
ets. 


Locating Top Dead Center (TDC) 

2 It is very important to correctly identify TDC if the timing chain and 
sprockets are replaced or if the engine is overhauled. Also, if the timing 
cover is replaced or the timing probe holder has been moved or replaced, 
the TDC mark must be adjusted. 

3 Remove the number 1 (left bank) valve cover. Note: Check the dia- 
grams inthe Chapter 4 Specifications to verify the location of the number 1 
cylinder. 

4  Setthetiming line or pointer on the vibration damper on the 0-degree 
mark (see illustration). This will set the cam timing to number 1 TDC and 
number 6 (companion cylinder). 

5  Toverity which cylinder is on the compression stroke it is important to 
know the position of the rocker arm assembly. Use a large breaker bar and 
asocketonthe vibration damper bolt and move the damper back and forth 
approximately 30-degrees before TDC (BTDC) and after TDC (ATDC) 
andobserve the number one cylinder rocker arms (seeillustration). If the 
exhaust valve moves from 

its open position to a closed position the cylinder is on the exhaust stroke 
which means the engine is set up for number 6 (companion cylinder). Ro- 
tate the engine 360-degrees until the mark comes around again onto the 
timing probe and carefully observe the rocker arms for the number one cyl- 
inder. The engine is on number 1 TDC when both valves (intake and ex- 
haust) are closed and there is NO movement on the rocker arms when the 
crankshaft is rotated slightly BTDC and ATDC. Now you are ready to 
check the exact location of TDC using a dial caliper. 

6 Remove the rocker arm assembly. Apply compressed air to the num- 
ber 1 cylinder to force the valves up against the cylinder head (see the 
Valve springs, retainers and seals — replacement procedure earlier in this 
Chapter). 

7 install the valve spring removal tool onto the intake valve and com- 
press the spring and remove the retainers from the end of the valve stem. 
Remove the valve spring and install a dial caliper. 

8 Set the dial caliper against the tip of the valve stem so that the dial 
caliper can measure the vertical travel of the intake valve (see illustra- 
tion). 

9  Removethe compressed airline from the adapter fitting and allow the 
valve to rest against the top of the piston. 

10 Zero the dial caliper and, using a breaker bar and a large socket, 
move the vibration damper very slightly clockwise. Watch the dial caliper 
very carefully as the needle drops from its initial setting. Move the vibration 
damper counter-clockwise and watch carefully as the dial indicator comes 
back to the zero setting. Now keep moving the vibration damper past the 
initial setting — this time counter-clockwise. The timing mark should simul- 
taneously align with the zero mark on the timing pointer and the dial caliper 
should read zero as the top of the piston reaches its highest point. Make 
several passes and record the results onto a piece of paper if the mark 
does not quite center on the zero mark on the timing probe. Calculate the 
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2.259 If the exhaust valve (arrow) starts to close am the mark on 
the vibration damper nears the зати mark ап the timing probe, 
then the cylinder is on the exhaust stroke. Rotate the crankshaft 
360-degrees to TDC 


2.260 With the intake valve resting on top of the number 1 
piston, mara the dial caliper 


її the cylinder heads have been removed, install the dial 
indicator so that it reads directly off the top of the piston 


2.261 


average of four or five passes to arrive atthe most perfect TDC location (if 
the setting varies). 

11 Adjustthe timing probe if the TDC mark is not perfectly aligned with 
the mark on the vibration damper. Loosen the bolts on the timing probe 
and move it to the location of true TDC (as indicated on the dial caliper). 
Recheck the TDC location to insure accuracy (see illustration). 
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2.262 Note very carefully the position of the alignment marks on 
the injection timing gears before the gears are removed — make 
sure they’re aligned the sama way 
on installation 


- ? 


й a | 


If the crankshaft gear fits loosely on the crankshaft, 
remove the gears and chain as one assembly 


2.263b 


Removal 

12 Remove the timing chain cover. Make sure the timing is set for num- 
ber 6 TDC (number 1 cylinder companion). Refer to the beginning of this 
Sub-section. 

13 On6.2L engines, it is necessary to remove the injection pump timing 
gears to be able to remove the timing chain and gears (see illustration) 
(see Fuel system in this Chapter). Remove the bolts from the end of the 
camshaft, then detach the camshaft sprocket and chain as an assembly 
(see illustrations). The sprocket onthe crankshaft can be removed with a 
two or three-jaw puller, but be careful not to damage the threads in the end 
of the crankshaft. Note: /f the timing chain cover oil seal has been leaking, 
refer to the procedure earlier in this Section and install a new one. 


Installation 

14 Usea gasket scraper to remove all traces of old gasket material and 
sealant from the cover and engine block. Stuff a shop rag into the opening 
at the front of the oil pan to keep debris out of the engine. Wipe the cover 
and block sealing surfaces with a cloth saturated with lacquer thinner or 
acetone. 

15 On steel covers, check the cover flange for distortion, particularly 
around the bolt holes. If necessary, place the cover on a block of wood and 
use a hammer to flatten and restore the gasket surface. 

16 If new parts are being installed, be sure to align the keyway in the 
crankshaft sprocket with the Woodruff key in the end of the crankshaft. 
Note: Timing chains must be replaced as a set with the camshaft and 


2.263a Use two prybars to remove the camshaft gear from 
the camshaft 


2.264 Install the timing gears with the timing marks 
aligned (arrows) 


crankshaft gears. Never put a new chain on old gears. Align the sprocket 
with the Woodruff key and press the sprocket onto the crankshaft with the 
vibration damper bolt, a large socket and some washers or tap it gently into 
place until it is completely seated. Caution: If resistance is encountered, 
do not hammer the sprocket onto the crankshaft. It may eventually move 
onto the shaft, but it may be cracked in the process and fail later, causing 
extensive engine damage. 

17 Loop the new chain over the camshaft sprocket. Make sure the timing 
mark is in the six o'clock position (see illustration). Mesh the chain with 
the crankshaft sprocket and position the camshaft sprocket on the end of 
the cam. If necessary, turn the camshaft so the dowel pin fits into the 
sprocket hole with the timing mark in the 6 o'clock position. Note: The 
number six piston must be at TDC on the compression stroke as the chain 
and sprockets are installed (see Step 2 above). 

18 Apply a thread locking compound to the camshaft sprocket bolt 
threads, then install and tighten them to the torque listed in this Chapter's 
Specifications. Lubricate the chain with clean engine oil. 

19 Install the timing chain cover on the block, tightening the bolts finger 
tight (see the timing chain cover removal and installation procedure earlier 
in this Chapter). 

20 Lubricatethe oil seal contact surface of the vibration damper hub with 
moly-base grease or clean engine oil, then install the damper on the end of 
the crankshaft (see the procedure earlier in this Chapter). The keyway in 
the damper must be aligned with the Woodruff key in the crankshaft nose. 
21 The remaining installation steps are the reverse of removal. 
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2.265 Check the diameter of each camshaft bearing journal to 
pinpoint excessive wear and out-of-round conditions 


Camshaft and bearings — removal, inspection 
and installation 


Removal 

1  Refertothe appropriate procedures and remove the intake manifold, 
the rocker arms, the pushrods and the timing chain and camshaft sprock- 
et. The radiator should be removed as well. Note: /f the vehicle is 
equipped with air conditioning it may be necessary to remove the air condi- 
tioning condenser to remove the camshaft. If the condenser must be re- 
moved the system must first be depressurized by a dealer service 
department or air conditioning shop. Do not disconnect any air condition- 
ing lines until the system has been properly depressurized. 

2  Beforeremovingthe lifters, arrange to store them in a clearly labelled 
box to ensure that they are reinstalled in their original locations. Remove 
the lifters from the engine block. 

3 Obtain long bolts from the auto parts store and thread them into the 
camshaft sprocket bolt holes to use as a handle when removing the cam- 
shaft from the block. 

4 Carefully puli the camshaft out. Support the cam near the block so the 
lobes do not nick or gouge the bearings as it is withdrawn. 


Inspection 

Camshaft and bearings 

5  Afterthe camshaft has been removed from the engine, cleaned with 
solventand dried, inspectthe bearing journals for uneven wear, pitting and 
evidence of seizure. If the journals are damaged, the bearing inserts in the 
block are probably damaged as well. Both the camshaft and bearings will 
haveto be replaced. Replacement of the camshaft bearings requires spe- 
cialtools and techniques which place it beyond the scope of the home me- 
chanic. The engine block will have to be removed from the vehicle and 
taken to an automotive machine shop for this procedure. 

6 Measure the bearing journals with a micrometer to determine if they 
are excessively worn or out-of-round (see illustration). Compare your 
measurements with this Chapter's Specifications. 

7 Check the camshaft lobes for heat discoloration, score marks, 
chipped areas, pitting and uneven wear. If the lobes are in good condition 
and not worn excessively, the camshaft can be reused. 


Installation : 

8 Lubricate the camshaft bearing journals and cam lobes with moly- 
base grease or engine assembly lube (see illustration). 

9 Slide the camshaft into the engine. Support the cam near the block 
and be careful not to scrape or nick the bearings. 

10 Turn the camshaft until the dowel pin is in the 3 o'clock position. 

11 Install the timing chain and sprockets. 

12 Lubricate the lifters with clean engine oil and install them in the block. 


2.266 Coat the lobes and journals with moly-based grease or 
engine assembly lube 


If the original lifters are being reinstalled, be sure to return them to their 
original locations. If a new camshaft was installed, be sure to install new 
lifters as well. — 

13 The remaining installation steps are the reverse of removal. 

14 Before starting and running the engine, change the oil and install a 
new oil filter. 


Oil pan — removal and installation 


Removal 

Disconnect the negative cable from the battery. 

Raise the vehicle and support it securely on jackstands. 

Drain the engine oil and remove the oil filter. 

Unbolt the crossover pipe at the exhaust manifolds. 

Remove the vacuum pump and the oil pump drive. 

Remove the lower bellhousing cover. 

Remove the starter, if necessary for clearance. 

Disconnect the oil cooler lines at the base of the oil filter. 

Unbolt the fan shroud and move it back over the fan. If clearance is 
tight, insert a piece of heavy cardboard between the fan and radiator to 
protect the radiator fins from the fan when the engine is raised. 

10 Remove the engine mount through bolts. 

11 Usean engine hoist to lift the engine approximately three inches. If a 
hoistisn't available, you might try a floor jack under the oil pan with a wood 
block between the jack head and the pan. Caution: On most engines the 
oil pump pickup is very close to the bottom of the oil pan, and it can be dam- 
aged easily if concentrated pressure from a jack is applied to the pan. 
When lifting the engine check to make sure the injection pump isn't hitting 
the firewall (5.7L) and the fan isn't hitting the radiator. 

12 Place blocks of wood between the crossmember and the engine 
block in the area of the motor mounts to hold the engine in the raised posi- 
tion, then remove the engine hoist. 

13 Remove the oil pan bolts (see illustrations) and reinforcements. 
Note that some models use studs and nuts in some positions. 

14 Remove the pan by tilting the back downward and working it free of 
the crankshaft throws, oil pump pickup and the front crossmember. 
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Installation 

15 Thoroughly clean the mounting surfaces of the oil pan and engine 
block of old gasket material and sealer. 

16 Applyathinlayerof RTV-type sealer to the oil pan and install a new oil 
pan gasket. 

17 Install the oil pan end seal(s). Apply RTV sealant to the ends of the oil 
pan gaskets to hold these seal(s) in place. 

18 Lift the pan into position, being careful not to disturb the gasket, and 
install the bolts/nuts finger tight. 
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2.267 Oll pan and gaskets on a 5.7L Cadillac engine 


2268 Gil pan and oil pump 
details on a 6.2L engine 
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2.269 Typical flywheel and clutch mounting details 
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2.270 Gently tap the old seal up into the engine block 


19 Starting at the ends and alternating from side-to-side towards the 
center, tighten the bolts to the torque listed in this Chapter's Specifica- 
tions. 

20 Theremainder of the installation procedure is the reverse of removal. 
Fillthe pan with newoil, startthe engine and checkfor leaks before placing 
the vehicle back in service. 


Oil pump — removal and installation 

1 Remove the oil pan as described in the previous procedure. 

2 While supporting the oil pump, remove the pump-to-rear main bear- 
ing cap bolts. Remove the pump and driveshaft extension (if equipped). 
3 Lower the pump and remove it. 

4 Position the pump on the engine and make sure the slot in the upper 
end of the pump (or driveshaft extension) is aligned with the tang on the 
lower end of the driveshaft or injection pump. 

5  Installthe mounting bolt and tighten itto the torque listed in this Chap- 
ter's Specifications. 

6 Install the oil pan. 


Flywheel/driveplate — removal and installation 

1 Raise the vehicle and support it securely on jackstands, then remove 
the transmission. If it’s leaking, now would be a very good time to replace 
the front pump seal/O-ring (automatic transmission only). 

2 Remove the pressure plate and clutch disc (manual transmission 
equipped vehicles). Now is a good time to check/replace the clutch com- 
ponents and pilot bearing (see illustration). 

3  Useacenter-punch to make alignment marks on the flywheel/drive- 
plate and crankshaft to ensure correct alignment during reinstallation. 

4 Remove the bolts that secure the flywheel/driveplate to the crank- 
shaft. If the crankshaft turns, wedge a screwdriver through the starter 
opening to jam the flywheel. 

5 Remove the flywheel/driveplate from the crankshaft. Since the fly- 
wheel is fairly heavy, be sure to support it while removing the last bolt. 
6  Cleanthe flywheel to remove grease and oil. Inspect the surface for 
cracks, rivet grooves, burned areas and score marks. Light scoring can be 
removed with.emery cloth. Check for cracked and broken ring gear teeth. 
Lay the flywheel on a flat surface and use a straightedge to check for war- 
page. 

7 Clean and inspect the mating surfaces of the flywheel/driveplate and 
the crankshaft. If the crankshaft rear seal is leaking, replace it before rein- 
stalling the flywheel/driveplate. l 

8 Position the flywheel/driveplate against the crankshaft. Be sure to 
align the marks made during removal. Note that some engines have an 
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2.271 Use the lower bearing cap to cut off a section of 
the new seal 


alignment dowel or staggered bolt holes to ensure correct installation. Be- 
fore installing the bolts, apply thread locking compound to the threads. 
9 Wedge a screwdriver through the starter motor opening to keep the 
flywheel/driveplate from turning as you tighten the bolts to the torque listed 
in this Chapter's Specifications. 

10 Theremainder of installation is the reverse of the removal procedure. 


Crankshaft rear oil seal — replacement 


1  Thecrankshaft rear main sealis a "rope" seal. The rear main seal can 
be replaced with the engine in the vehicle. Refer to the appropriate Sub- 
sections and remove the oil pan and oil pump. 

2 Remove the bolts and detach the rear main bearing cap from the en- 
gine. 

3 The old seal section in the bearing cap can be packed tighter in the 
block housing and additional sections of the rope seal can be insertedto fill 
the excess space. 

4 То compact the seal section in the block, tap on one end using the 
special tool (J33154-2) (see illustration) or with a hammer and a wood 
dowel until the oid seal is packed tight. This will vary 1/4 to 3/4-inch, de- 
pending on the condition of the old seal. 

5  Repeatthis on the other end of the seal in the cylinder block. 

6  Measurethe length the seal was driven up on one side, add 1/16 inch 
and cut a section that length off the new seal with a single edged razor 
blade. Repeat the procedure for the other side. Use the bearing cap as a 
holding fixture (see illustration). Apply a sealant (GM 1052621 or equiva- 
lent) to each end of the rope seal. 

7  Usingthe tool (J33154-2), install both of these two small pieces into 
the vacated ends of the old seal. The ends should be flush with the mating 
surface of the cap. Make sure it is completely seated. 

8 Position the cutting too! (BT-6436) (see illustration) and trim the seal 
flush with the block. 

9 Form anew rope seal in the rear main bearing cap. 

10 Push the seal into place, using the tool (J33153) like a “press” (see 
illustration). When both ends of the seal are flush with the block surface, 
remove the tool. 

11 Lubricate the cap bolts with clean engine oil. 

12 Carefully position the bearing cap on the block, install the bolts and 
tighten them to the torque listed in the Chapter 4 Specifications. Tap the 
crankshaft forward and backward with a lead or brass hammer to line up 
the main bearing and crankshaft thrust surfaces, then tighten the rear 
bearing cap bolts to the torque listed in this Chapter’s Specifications. 
13 Install the oil pump and oil pan. 


Engine mounts — check and replacement 

1 Engine mounts seldom require attention, but broken or deteriorated 
mounts should be replaced immediately or the added strain placed on the 
driveline components may cause damage or wear. 
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2.272 Use a special tool (BT-6436) or a razor blade to 
cut the new seal sections 


1052621 SEALER 
OR EQUIVALENT 
IN GROOVE 


1052756 
/ SEALER 
OF 


EQUIVALENT 


AFTER CORRECTLY POSITIONING 
SEAL, ROTATE TOOL SLIGHTLY 
AND CUT OFF EACH END OF SEAL 
FLUSH WITH CAP. 


2.273 Installing the rear main oil seal (lower section) 
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2.274 Engine and transmission mounts оп a typical pick-up truck 


Check 

2 During the check, the engine must be raised slightly to remove the 
weight from the mounts. 

3 Raise the vehicle and support it securely on jackstands, then position 
a jack under the engine oil pan. Place a large block of wood between the 
jack head and the oil pan, then carefully raise the engine just enough to 
take the weight off the mounts. Warning: DO NOT place any part of your 
body under the engine when it's supported only by a jack! 

4  Checkthe mounts to see if the rubber is cracked, hardened or sepa- 
rated from the metal plates. Sometimes the rubber will split right down the 
center. 

5 Check for relative movement between the mount plates and the en- 
gine or frame (use a large screwdriver or prybar to attempt to move the 
mounts). If movement is noted, lower the engine and tighten the mount 


fasteners. 


6 Rubber preservative should be applied to the mounts to slow deterio- 
ration. 


Replacement 

7  Disconnectthe negative battery cable from the battery, then raise the 
vehicle and support it securely on jackstands (if not already done). 

8 Remove the fasteners and detach the mount from the frame bracket 
(see illustration). 

9 Raise the engine slightly with a jack or hoist (make sure the fan 
doesn't hit the radiator or shroud). Remove the mount-to-block bolts and 
detach the mount. 

10 Installation is the reverse of removal. Use thread locking compound 
on the mount bolts and be sure to tighten them securely. 
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Specifications 


Recommended lubricants and fluids 


Engine oil 
“SHS. sogsoüOHCBUOCnPT dE ODORE CELINE API grade SF/CD or SF/CE 
vacina О О КО о. лу мш. A See accompanying chart 
HUMO ces unt TIN NE солы оз. оты... 10.0 us ats 
ИЛИК ЫН oss ы. со шту Ionia eine LP. 50/50 mixture of water and ethlyene glycol-based antifreeze 
Drivebelt tension New Used 
FeCl DUIS ac oc Hae DD a СОСО С ОСН 110 to 130 Ibs 90 to 110 ibs 
OM EEUU) Ue COP DNE 140 to 180 Ibs 110 to 130 Ibs 


/ NT CUA EHS ОБШО) ..................................... 120 to 160 165 110 to 130 Ibs 


Engine idle speed 


осон оо CO DITEERESIITEILIT 650 to 700 rpm (most models — check VECI label underhood) 
Cold 

MOMOM 1.................................. 850 to 900 rpm 

Too ассо NERO ООЛ S DEED 800 to 850 rpm 


Engine oil viscosity chart 


SAE 10W-30 


OUTSIDE 
TEMPERATURE 
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Camshaft and timing gears 
Camshaft bearing journal diameter 


ШВВП ЕО US senes 2.0990 to 2.1000 in 

SE от MEM C ОРАН Т 2.1010 to 2.1045 in 

IEEE notum ВИЕ REC 2.1020 to 2.1055 in 

Ееее eer cies eieae PED TD EMO 2.1015 to 2.1025 in 
Camshaft bearing oil clearance 

GEE o n a >. oo К T ОКЫ etsi 0.0010 to 0.0055 in 

ЗИГОТИ ое a CORRER 0.0015 to 0.0035 in 
Camshaft endplay 

SE ERR РТ M ООЛ ЕЕ Аа сэ... a eae Sa YN 0.001 to 0.009 in 

ПА ERO SOC E a rs 0.002 to 0.009 in 
Timing gear backlash (all) ............................... 0.0015 to 0.0130 in 
Torque specifications Ft-Ibs 


Note: /f no separate listing is provided, use torque values based on fastener size 


Webs (Bo UNO ST ete Cte с. OUTRE. NUM i 
SH US US US eg И. 
I= ТӘ UR о es D TR TR ee 24 
TMG RUNG Ws ease ы НИНИ РЕР 38 
ОЕ РЕИС Е... EE e eee 60 
Cylinder head 
1983 models 
SLES] een ЗОТ Loue a rr enr E RR re 43 
о ...................................... 60 
1984 models 
ЕА ооо ууз»; » +. АИИ eo. 40 
еы, CIMA QU OUO АЙКО ааа 65 
ТШЕ 0 азоо oe Ce е M 75 
POUL Ee «co cO ED он аа 75 
1985 through 1987 models 
а оссе ОИНИ 40 
Саша а ооо О ТОНО 70 
Т, IUUD О .................---............... 80 
Рем cuo оосо РЕР 80 
1988 through 1991 models 
е ооа оя 65 
SCOORG zu ОБОИ 85 
VWC eu] М РТУТИ 
Fougner aeu cr 
ЕЕРЕЕ О OD OTT TREES TOP 47 
Eextramstmemifeldss ..................................... 35 
[ aire dd eco ae O7 DOT ERROR. 12 to 18 
Fan clutch-to-water pump ............................... 40 to 120 
И УКО cd msc ERR GP OC EREXIT OPENED 47 
Fuel injector-to-cylinder head ............................. 35 
IeMIReEto:hozzielfittihgS ............................... 22 
RuelllmestespamplittigS. ................................ 22 
Gow SS Ж... oo Я РР 
Injection pump drive gear cover (adapter housing) ............ 
RONN Е Е еее 7 TT 24 
Oil pump and pickup (5/16-inch bolts) ...................... 
Вене) ECT 20 
Моего — Ss 20 
MS ric SE D] o) ...................................... 90 
VWatenIputmpstostrontiCoVen - csse eter ers 


introduction 
I——M————— а 


This Chapter contains the information you need to know to service 
your Ford 6.9L or 7.3L V8 diesel engine. We've included sections on rou- 
tine maintenance, on servicing the cooling, fuel, electrical and emission 
control systems, and even the engine repairs you can perform with the en- 
gine still installed in the vehicle (you'll find general engine overhaul proce- 


dures — those jobs that require engine removal — in Chapter 4). 

Look at the mileage/time master maintenance schedule on page 3-4. 
It tells you what to do, when to do it and how to do it. Each recommended 
Service or maintenance procedure — а visual check and/or adjustment, re- 
placement of a component, etc. — is explained later in this Chapter. 

Servicing your engine in accordance with this maintenance schedule 
will significantly prolong its service life. Keep in mind thatthis is a compre- 
hensive plan: servicing selected items — but Skipping others — will not pro- 
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3.1a Typical diesel truck engine compartment details 
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3.1b Typical diesel van engine compartment details 


duce the same results. 

When you service your engine, you'll find that many of the mainte- 
nance procedures can be grouped together because they're logically re- 
lated, or because they're located next to each other (see illustrations). 


Before you get started, read through the service items you're planning to 
do, familiarize yourself with the procedures and gather up all the parts and 
tools you'll need. If it looks like you might run into problems during a partic- 
ular job, seek advice from a mechanic or an experienced do-it-yourselfer. 
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Maintenance schedule 


Every 250 miles or weekly, 
whichever comes first 


Check the engine oil level 
Check the engine coolant level 


Every 5000 miles or 6 months, 
whichever comes first 


All items listed above, plus 

Change the engine oil and filter* 

Drain the water from the fuel separator* 
Check and lubricate the throttle linkage 


Every 15,000 miles or 12 months, 
whichever comes first 


Replace the air filter 
Check and adjust the engine drivebelts 


Check the cooling system 
Check and service the batteries 
Inspect and replace, if necessary, all underhood hoses 


Every 30,000 miles or 24 months, 
whichever comes first 


Drain and flush the cooling system 


Every 60,000 miles or 48 months, 
whichever comes first 


Replace the fuel filter 

* This item is affected by "severe" operating conditions as described 
below. Ifthe vehicle is operated under severe conditions, perform all main- 
tenance indicated with an asterisk (*) at 3000 mile/3 month intervals. Se- 
vere conditions exist if you mainly operate the vehicle . . . 

In dusty areas 

Towing a trailer 

Idling for extended periods and/or driving at low speeds 

When outside temperatures remain below freezing and most trips are 

less than four miles long 


————————————————————————————————————————— 


Fluid level checks 

Note: The following are fluid level checks to be done on a 250 mile or 
weekly basis. Additional fluid level checks can be found in specific mainte- 
nance procedures which follow. Regardless of intervals, be alert to fluid 
leaks under the vehicle which would indicate a fault to be corrected imme- 
diately. 

1 Fluids are an essential part of the lubrication and cooling systems. 
Because the fluids gradually become depleted and/or contaminated dur- 
ing normal operation of the vehicle, they must be periodically replenished. 
‘See Recommended lubricants and fluids at the beginning of this Chapter 
before adding fluid to any of the following components. Note: The vehicle 
must be on level ground when fluid levels are checked. 


Engine oil 

2 The engine oil level is checked with a dipstick (see illustration) that 
extends through a tube and into the oil pan at the bottom of the engine. 
3 Theoillevel should be checked before the vehicle has been driven, or 
about 15 minutes after the engine has been shut off. If the oil is checked 
immediately after driving the vehicle, some of the oil will remain in the up- 
per engine components, resulting in an inaccurate reading on the dipstick. 


3.2 The engine oil dipstick (arrow) is located оп the passenger 
side of the engine compartment 


4 Pull the dipstick from the tube and wipe all the oil from the end with a 
clean rag or paper towel. Insert the clean dipstick all the way back into the 
tube, then pull it out again. Note the oil at the end of the dipstick. Add oil as 
necessary to keep the level between the ADD mark and the FULL mark on 
the dipstick, in the crosshatched area (see illustration). 

5 Don't overfill the engine by adding too much oil — it may result in oil 
fouled spark plugs, oil leaks or oil seal failures. 

6 Oilis added to the engine after removing the filler cap (see illustra- 
tion). An oil can spout or funnel may help to reduce spills. 

7  Checkingthe oil level is an important preventive maintenance step. A 
consistently low oil level indicates oil leakage through damaged seals, de- 
fective gaskets or past worn rings or valve guides. If the oil looks milky in 
color or has water droplets in it, the cylinder head gasket(s) may be blown 
or the head(s) or block may be cracked. The engine should be checked 
immediately. The condition of the oil should also be checked. Whenever 
you check the oil level, slide your thumb and index finger up the dipstick 
before wiping off the oil. If you see small dirt or metal particles clinging to 
the dipstick, the oil should be changed (see Section 6). 


Engine coolant 

Warning: Do not allow antifreeze to come in contact with your skin or 
painted surfaces of the vehicle. Rinse off spills immediately with plenty of 
water. Antifreeze is highly toxic if ingested. Never leave antifreeze lying 
around in an open container or in puddles on the floor; children and pets 
are attracted by it's sweet smell and may drink it. Check with local authori- 
ties about disposing of used antifreeze. Many communities have collec- 
tion centers which will see that antifreeze is disposed of safely. 


DO NOT 
ADD OIL 
BEYOND 
"FULL" 


MAINTAIN OIL IN 
"SAFE" RANGE 


ADD! QUART— : 


3.3 The oil level should be in the SAFE range — if its below the 
ADD line, add enough oil to bring the level into the crosshatched 
area (DO NOT add oil if the level is at the MAX line!) 
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3.4 Rotate the oil filler cap counterclockwise to remove it 


8 All vehicles covered by this manual are equipped with a coolant re- 
covery reservoir located in the left front corner of the engine compartment. 
The reservoir is connected by a hose to the radiator filler neck. If the en- 
gine overheats, coolant escapes through a valve in the radiator cap and 
travels through the hose into the reservoir. As the engine cools, the coolant 
is automatically drawn back into the system to maintain the correct level. 
9  Thecoolantlevel in the reservoir should be checked regularly. Warn- 
ing: Do not remove the radiator cap to check the coolant level when the 
engine is warm! The level in the reservoir varies with the temperature of 
the engine. When the engine is cold, the coolant level should be at or 
slightly above the COLD mark on the reservoir. Once the engine has 
warmed up, the level should be at or near the HOT mark. If it isn't, allow the 
engine to cool, then remove the small cap from the reservoir and add a 
50/50 mixture of ethylene glycol-based antifreeze and water(see illustra- 
tion). Caution: Do not add coolant to the windshield washer reservoir! 
10 Drive the vehicle and recheck the coolant level. If only a small amount 
of coolant is required to bring the system up to the proper level, water can 
be used. However, repeated additions of water will dilute the antifreeze 
and water solution. In order to maintain the proper ratio of antifreeze and 
water, always top up the coolant level with the correct mixture. An empty 
plastic milk jug or bleach bottle makes an excellent container for mixing 
coolant. Don't use rust inhibitors or additives. 

11 Ifthe coolant level drops consistently, there may be a leak in the sys- 
tem. Inspect the radiator, hoses, filler cap, drain plugs and water pump. 


3.6 Remove the cell caps to check the water level in the 
battery — Ё the level is low, add distilled water only 


3.5 The combined windshield washer/coolant reservoir used on 
same models features separate tanks for each fluid – DO NOT add 
engine coolant to the windshield washer reservoir! 


If no leaks are noted, have the radiator cap pressure tested by a service 
station. 


12 If you have to remove the radiator cap, wait until the engine has : 


cooled, then wrap a thick cloth around the cap and turn it to the first stop. If 
coolant or steam escapes, let the engine cool down longer, then remove 
the cap. 

13 Checkthe condition of the coolant as well. It should be relatively clear. 
If it's brown or rust colored, the system should be drained, flushed and re- 
filled. Even if the coolant appears to be normal, the corrosion inhibitors 
wear out, so it must be replaced at the specified intervals. 


Battery electrolyte 

14 Mostvehicles with which this manual is concerned are equipped with 
a battery which is permanently sealed (except for vent holes) and has no 
fillercaps. Water doesn't haveto be addedto these batteries at any time. If 
an aftermarket battery has been installed, the caps on the top of the bat- 
tery should be removed periodically to check for a low water level (see il- 
lustration). This check is most critical during the warm summer months. 


Air filtrer replacment 

1 Atthe specified intervals, the air filter should be replaced with a new 
one. 

2 The filter is located on top of the intake manifold and is replaced by 
unscrewing the wing bolt from the top of the filter housing and lifting off the 
cover (see illustration). 
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3.7 Remove the wing bolt and lift the cover up 
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3 While the top plate is off, be careful not to drop anything down into the 
manifold. 

4 _ Liftthe air filter element out of the housing (see illustration) and wipe 
out the inside of the housing with a clean rag. 

5 Place the new filter in the air filter housing. Make sure it seats properly 
in the bottom of the housing. 

6 Installation is the reverse of removal. 


Fuel filtrer replacement 

Warning: Diesel fuel is flammable and may be hot, so take extra precau- 
tions when working on any part of the fuel system. If you spill fuel on your 
skin, rinseitoffimmediately with soap and water. Have a Class B fire extin- 
guisher on hand. 

1 Thefuelsystem onthese models has a fuel/water separator and a re- 
placeable fuel filter. The water should be drained from the separator when- 
ever the "Water in Fuel" light on the dash goes on, or before replacing the 
fuelfilter. On 1988 and earlier models the separator is mounted separate- 
ly, while on later models it's incorporated into the base of the filter. Place a = 
container under the separator drain tube. With the engine off, drain the wa- 


ter by pulling up on the ring or handle (early models) or turning the manual 3.8 Raise the cover and lift out the air filter element 
drain valve (later models) (see illustrations). 

2  Disconnect the negative battery cables. 

3 Place rags or newspapers under the filter housing to catch the fuel 

that will drain out when the filter is removed. 
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3.9a On earlier model trucks, the separator is located ai the left 
rear corner of the engine compartment — pull up on the ring to 
drain the water 
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3.9c On later models the water separator is part of the filter — 
unscrew the manual drain valve at the bottom until only 


3.9b On earlier model vans, the separator can be drained from к : 
water-free diesel fuel comes out, then screw it back in 


inside the vehicle 
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3.40 Unscrew the fuel filter with a large oil filter wrench 


4  Usealargeoilfilterwrenchtounscrew the filter element (see illustra- 
tion). 

5 Screw the new filter onto the housing and rotate it an additional 2/3 
turn after contacting the gasket. 


Engine oil and filter change 

1 Frequentoil changes are the most important preventive maintenance 
procedure that can be done by the home mechanic. As engine oil ages, it 
becomes diluted and contaminated, which leads to premature engine 
wear. ad 

2 Although some sources recommend oil filter changes every other oil 
change, the minimal cost of an oil filter and the fact that it’s not hard to 
change dictate that a new filter be used every time the oil is changed. 

3 Gather together all necessary tools and materials before beginning 
this procedure (see illustration). 

4  Youshould have plenty of clean rags and newspapers handy to mop 
up any spills. Access to the underside of the vehicle is greatly improved if 
the vehicle can be lifted on a hoist, driven onto ramps or supported by jack- 
stands. Warning: Do not work under a vehicle which is supported only by 
a bumper, hydraulic or scissors-type jack! 

5 If this is your first oil change, get under the vehicle and familiarize 
yourself with the locations of the oil drain plug and the oil filter. The engine 
and exhaust components will be warm during the actual work, so note how 
they are situated to avoid touching them when working under the vehicle. 
6 Warm the engine to normal operating temperature. If the new oil or 
any tools are needed, use this warm-up time to gather everything neces- 
sary for the job. The correct type of oil for your application can be found in 
Recommended lubricants and fluids at the beginning of this Chapter. 

7 With the engine oil warm (warm engine oil will drain better and more 
built-up sludge will be removed with it), raise and support the vehicle — 
make sure it’s safely supported! 

8 Move all necessary tools, rags and newspapers under the vehicle. 
Set the drain pan under the drain plug. Keep in mind that the oil will initially 
flow from the pan with some force; position the pan accordingly. 

9 Being careful not to touch any of the hot exhaust components, use a 
wrench to remove the drain plug near the bottom of the oil pan (see illus- 
tration). Depending on how hot the oil is, you may want to wear gloves 
while unscrewing the plug the final few turns. 

10 Allowthe old oil to drain into the pan. It may be necessary to move the 
pan as the oil flow slows to a trickle. 

11 After all the oil has drained, wipe off the drain plug with a clean rag. 
Small metal particles may cling to the plug and would immediately con- 
taminate the new oil. 

12 Clean the area around the drain plug opening and reinstall the plug. 
Tighten the plug securely with the wrench. If a torque wrench is available, 
use it to tighten the plug. 

13 Move the drain pan into position under the oil filter. 


3.11 These tools ere required when changing {һе 
engine oil and filter 


e 


1 Drain pan — It should be fairly shallow in depth, but wide to 
prevent spills 

2 Rubber gloves – When removing the drain plug and filter, 
you will get oil on your hands (the gloves will prevent burns) 

3 Breaker bar — Sometimes the oil drain plug is tight and a 
long breaker bar is needed to loosen it 

4 Socket- To be used with the breaker bar or a ratchet (must 
be the correct size to fit the drain plug — six-point preferred) 

5 Filter wrench — This is a metal band-type wrench, which 
requires clearance around the filter to be effective 

6 Filter wrench — This type fits on the bottom of the filter and 
can be turned with a ratchet or breaker bar (different size 
wrenches are available for different types of filters) 


3.12 Use a socket or box-end wrench to remove the engine oil 
drain plug — DO NOT t= an open end wrench, as the corners un 
the plug head can be easily rounded off! 
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3.13 The oil filter is usually on very tight and will require an 
oil filter wrench for removal — DO NOT usa the wrench to 
tighten the filter 


14 Use the filter wrench to loosen the oil filter (see illustration). Chain or 
metal band filter wrenches may distort the filter canister, but it doesn't mat- 
ter since the filter will be discarded anyway. 

15 Completely unscrew the old filter. Be careful; it’s full of oil. Empty the 
oil inside the filter into the drain pan. 

16 Compare the old filter with the new one to make sure they're the same 
type. 

17 Useaclean rag to remove all oil, dirt and sludge from the area where 
the oil filter mounts to the engine. Check the old filter to make sure the rub- 
ber gasket isn't stuck to the engine. If the gasket is stuck to the engine, 
remove it. 

18 Apply alight coat of clean oil to the rubber gasket on the new oil filter 
(see illustration). 

19 Attach the new filter to the engine. Overtightening the filter will dam- 
age the gasket, so don't use a filter wrench. Most filter manufacturers rec- 
ommend tightening the filter by hand only. Normally they should be 
tightened 3/4-turn after the gasket contacts the block, but be sure to follow 
the directions on the filter or container. 

20 Remove all tools, rags, etc. from under the vehicle, being careful not 
to spill the oil in the drain pan, then lower the vehicle. 

21 Move to the engine compartment and locate the oil filler cap. 

22 If anoilcan spoutis used, push the spout into the top of the oil can and 
pour the fresh oil through the filler opening. A funnel may also be used. 

23 Pourten quarts of fresh oil into the engine. Wait a few minutes to allow 
the oil to drain into the pan, then check the level on the oil dipstick (see 
Section 3 if necessary). If the oil level is above the ADD mark, start the 
engine and allow the new oil to circulate. : 

24 Runthe engine for only about a minute and then shutit off. Immediate- 
ly look under the vehicle and check for leaks at the oil pan drain plug and 
around the oil filter. If either is leaking, tighten with a bit more force. 

25 With the new oil circulated and the filter now completely full, recheck 
the level on the dipstick and add more oil as necessary. 

26 During the first few trips after an oil change, make it a point to check 
frequently for leaks and proper oil level. 

27 The old oil drained from the engine cannot be reused in its present 
state and should be disposed of. Oil reclamation centers, auto repair 
shops and gas stations will normally accept the oil, which can be refined 
and used again. After the oil has cooled it can be drained into a suitable 
container (capped plastic jugs, topped bottles, milk cartons, etc.) fortrans- 
port to one of these disposal sites. 


Drivebelt check, adjustment and replacement 


1 The accessory drivebelts, also referred to as V-belts or simply fan 
belts, are located at the front of the engine. The condition and tension of 
the drivebelts are critical to the operation of the engine and accessories. 


3.14 Lubricate the oil filter gasket with clean engine oil before 
installing the filter an the engine 


Excessive tension causes bearing wear, while insufficient tension pro- 
duces slippage, noise, component vibration and belt failure. Because of 
their composition and the high stresses to which they are subjected, drive- 
belts stretch and deteriorate as they get older. As a result, they must be 
periodically checked and adjusted. 


Check 

2  Thenumberandtype of belts used on a particular vehicle depends on 
the accessories installed. Various types of drivebelts are used on these 
models (see illustration). 

3 With the engine off, open the hood and locate the drivebelts. Usinga 
flashlight, check each beltfor separation of the rubber plies from each side 
of the core, a severed core, separation of the ribs from the rubber, cracks, 
torn or worn ribs and cracks in the inner ridges of the ribs. Also check for 
fraying and glazing, which gives the belt a shiny appearance (see illustra- 
tion). Both sides of each belt should be inspected, which means you'll 
have to twist them to check the undersides. Use your fingers to feel a belt 
where you can't see it. If any of the above conditions are evident, replace 
the belt as described below. 

4  Tocheck the tension of each belt in accordance with factory recom- 
mendations, install a drivebelt tension gauge (Ford tool no. T63L-8620-A, 
or equivalent) (see illustration). Measure the tension in accordance with 
the tension gauge instructions and compare your measurement to the 
specified drivebelt tension for either a used or new belt. Note: A "new" belt 
is defined as any belt which has not been run; a "used" belt is one that has 
been run for more than ten minutes. 

5 Тһе special gauge is the most accurate way to check belt tension. 
However, if you don't have a gauge, and can't borrow one, the following 
“rule-of-thumb” method is recommended as an alternative. Lay a straight- 
edge across the longest free span (the distance between two pulleys) of 
the belt. Push down firmly on the belt at a point half way between the pul- 
leys and see how much the belt moves (deflects). Measure the deflection 
with a ruler (see illustration). The belt should deflect 1/8 to 1/4-inch if the 
distance from pulley center-to-pulley center is less than 1 2-inches; it 
should deflect from 1/8 to 3/8-inch if the distance from pulley center-to-pul- 
ley center is over 12-inches. 


Adjustment 

6 If adjustment is required to make the drivebelt tighter or looser, it's 
done by moving the belt driven accessory on the bracket. 

7  Foreach component, there will be a locking bolt and pivot boit or nut. 


Both mustbe loosened slightly to enable you to move the component (see 
illustration). 


————————————————MMMÀ—À—ÀÀ— 
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3.16 Here ёге some of the move common problems 


associated with drivebelts (check the belts very 3.17 А drivebelt tension gauge is recommended for 
carefully to prevent an untimely breakdown) checking belts 


ALWAYS CHECK 
the underside 
of the belt. 


BELT 
DEFLECTION 


RULER 


STRAIGHT 
EDGE 


y 


MAKE SURE RULER IS 
PERPENDICULAR TO STRAIGHT EDGE 


3.18 Measuring drivebelt deflection with m 3.19 Loosen the adjusting bolt (arrow) and move the alternator 
straightedge and ruler to adjust the belt tension 


ALWAYS CHECK hose for 
chafed or burned areas that 
may cause an untimely 

and costly failure. 


SOFT hose indicates inside 
deterioration. This deterioration can 
contaminate the cooling system and 
cause particles to clog the radiator. 


HARDENED hose can fail at any 
time. Tightening hose clamps will 
not seal the connection or stop leaks. 


SWOLLEN hose or oil soaked ends 
indicate danger and possible failure 
from oil or grease contamination. 
Squeeze the hose to locate 
cracks and breaks that 

cause leaks. 


3.20 Hoses, like drivebelts, have a habit of failing at the worst 
possible time — to prevent the inconvenience of a blown radiator 
or heater hose, inspect them carefully zs shown here 


8 After the bolts have been loosened, move the component away from 
the engine to tighten the belt or toward the engine to loosen the belt. Hold 
the accessory in position and check the belt tension. If it's correct, tighten 
the two bolts until snug, then recheckthe tension. If it's still correct, tighten 
the two bolts completely. 

9 It will often be necessary to use some sort of pry bar to move the ac- 
cessory while the beit is adjusted. If this must be done to gain the proper 
leverage, be very careful not to damage the component being moved, or 
the part being pried against. 

10 Run the engine for about 15 minutes, then recheck the belt tension. 


Replacement 

11 To replace a belt, follow the above procedures for drivebelt adjust- 
ment but slip the belt off the pulleys and remove it. Since belts tend to wear 
out more or less at the same time, it's a good idea to replace all of them at 
the same time. Mark each belt and the corresponding pulley grooves so 
the replacement belts can be installed properly. 

12 Take the old belts with you when purchasing new ones in order to 
make a direct comparison for length, width and design. 

13 Adjustthe belts as described earlier in this Section. 


Cooling system check 
1 Many major engine failures can be attributed to a faulty cooling sys- 
tem. Ifthe vehicle is equipped with an automatic transmission, the cooling 
System also cools the transmission fluid and thus plays an important role 
in prolonging transmission life. 
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2  Thecooling system should be checked with the engine cold. Do this 
before the vehicle is driven for the day or after the engine has been shut off 
for at least three hours. 

3  Removethe radiator cap by turning itto the left until itreaches a stop. 
if you hear a hissing sound (indicating there is still pressure in the system), 
wait until it stops. Now press down on the cap with the palm of your hand 
and continue turning to the left until the cap can be removed. Thoroughly 
clean the cap, inside and out, with clean water. Also clean the filler neck on 
the radiator. All traces of corrosion should be removed. The coolant inside 
the radiator should be relatively transparent. If it's rust colored, the system 
should be drained and refilled. If the coolant level isn't up to the top, add 
additional antifreeze/coolant mixture. 

4  Carefully check the large upper and lower radiator hoses along with 
the smaller diameter heater hoses which run from the engine to the fire- 
wall. Inspect each hose along its entire length, replacing any hose which is 
cracked, swollen or shows signs of deterioration. Cracks may become 
more apparent if the hose is squeezed (see illustration). Regardless of 
condition, it's a good ideato replace hoses with new ones every two years. 
5  Makesureallhose connections are tight. A leak inthe cooling system 
will usually show up as white or rust colored deposits on the areas adjoin- 
ing the leak. If wire-type clamps are used at the ends of the hoses, it may 
be a good idea to replace them with more secure screw-type clamps. 

6 Use compressed air or a soft brush to remove bugs, leaves, etc. from 
the front of the radiator or air conditioning condenser. Be careful not to 
damage the delicate cooling fins or cut yourself on them. 

7 Every other inspection, or at the first indication of cooling system 
problems, have the cap and system pressure tested. If you don't have a 
pressure tester, most gas stations and repair shops will do this for a mini- 
mal charge. 


Cooling system servicing, draining, 
flushing and refilling 


Warning: Do not allow antifreeze to come in contact with your skin or 
painted surfaces of the vehicle. Rinse off spills immediately with plenty of 
water. Antifreeze is highly toxic if ingested. Never leave antifreeze lying 
around in an open container or in puddles on the floor; children and pets 
are attracted by it's sweet smell and may drink it. Check with local authori- 
ties about disposing of used antifreeze. Many communities have collec- 
tion centers which will see that antifreeze is disposed of safely. 

1 Periodically, the cooling system should be drained, flushed and re- 
filled to replenish the antifreeze mixture and prevent formation of rust and 
corrosion, which can impair the performance of the cooling system and 
Cause engine damage. When the cooling system is serviced, all hoses 
and the radiator cap should be checked and replaced if necessary. 


Draining 

2 Apply the parking brake and block the wheels. If the vehicle has just 
been driven, wait several hours to allow the engine to cool down before 
beginning this procedure. 

3 Опсе the engine is completely cool, remove the radiator Cap. 

4 Move a large container under the radiator drain to catch the coolant 
(see illustration). Attach a 3/8-inch diameter hose to the drain fitting to 
direct the coolant into the container, then open the drain fitting (a pair of 
pliers may be required to turn it). 

5 After the coolant stops flowing out of the radiator, move the container 
under the engine block drain plug. Remove the plug and allow the coolant 
in the block to drain (see illustration). 

6 While the coolant is draining, check the condition of the radiator 
hoses, heater hoses and clamps. 

7 Replace any damaged clamps or hoses. 


Flushing 

8 Once the system is completely drained, flush the radiator with fresh 
water from a garden hose until water runs clear at the drain. The flushing 
action of the water will remove sediments from the radiator but will not re- 
move rust and scale from the engine and cooling tube surfaces. 

9 These deposits can be removed by the chemical action of а cleaner 
such as Ford Cooling System Fast Flush. Follow the procedure outlined in 
the manufacturer's instructions. If the radiator is severely corroded, dam- 
aged or leaking, it should be removed and taken to a radiator repair shop. 
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3.21 Before opening the radiator drain fitting (arrow), push a 
short section of 3/8-inch diameter rubber hose onto the fitting to 
prevent the coolant from splashing és it drains 


10 Removethe overflow hose from the coolant recovery reservoir. Drain 
the reservoir and flush it with clean water, then reconnect the hose. 


Refilling 

11 Closeandtightenthe radiator drain. Install and tighten the block drain 
plug. 

12 Place the heater temperature control in the maximum heat position. 
13 Slowly add new coolant (a 50/50 mixture of water and antifreeze) to 
the radiator until it's full. Add coolant to the reservoir up to the lower mark. 
14 Leave the radiator cap off and run the engine in a well-ventilated area 
until the thermostat opens (coolant will begin flowing through the radiator 
and the upper radiator hose will become hot). 

15 Turnthe engine off and let it cool. Add more coolant mixture to bring 
the level back up to the lip on the radiator filler neck. 

16 Squeezethe upper radiator hose to expel air, then add more coolant 
mixture if necessary. Replace the radiator cap. 

17 Startthe engine, allow it to reach normal operating temperature and 
check for leaks. 


3.22 The block drain plug (arrow) is located on the passenger 
side of the block, maar the starter motor 


Battery cable check and replacement 

1  Periodically inspect the entire length of each battery cable for dam- 
age, cracked or burned insulation and corrosion. Poor battery cable con- 
nections can cause starting problems and decreased engine 
performance. : 

2 Check the cable-to-terminal connections at the ends of the cables for 
cracks, loose wire strands and corrosion. The presence of white, fluffy de- 
posits under the insulation at the cable terminal connection is a sign the 
cable is corroded and should be replaced. Check the terminals for distor- 
tion, missing mounting bolts and corrosion. 

3 When removing the cables, always disconnect the negative cables 
firstand hook them up last or the battery may be shorted by the tool used to 
loosen the cable clamps. Even if only the positive cable is being replaced, 
be sure to disconnect the negative cable from the battery first. 

4  Disconnectthe old cables from the batteries, then trace each of them 
to their opposite ends and detach them from the starter solenoid and 
groundterminals. Note the routing of each cable to ensure correct installa- 
tion (see illustrations). 


POSITIVE CABLE STARTER 
FELT WASHER (TO RELAY) IDEM MOTOR 
E RELAY 


=== 


NUT. AND 
WASHER 
ASSEMBLY 


SCREW cup BATTERY 


3.23a Battery cable details — right side (typical) 


WARRANTY TAG POSITIVE CABLE 


FELT WASHER (TO RELAY) 


cenae S dE 


GROUND CABLE 


3.23b Battery cable details — left side (typical) 
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3.24 Tools and materials required for battery maintenance 


1 Face shield/safety goggles — When removing corrosion 
with a brush, the acidic particles can easily fly up into your eyes 

2 Baking soda — A solution of baking soda and water can 
be used to neutralize corrosion 

3 Petroleum jelly — A layer of this on the battery posts will 
help prevent corrosion 

4 Battery post/cable cleaner — This wire brush cleaning 
tool will remove all traces of corrosion from the battery 
posts and cable clamps 

5 Treated felt washers — Placing one of these on each post, 
directly under the cable clamps, will help prevent corrosion 

6 Puller — Sometimes the cable clamps are very difficult to 
pull off the posts, even after the nut/bolt has been com- 
pletely loosened. This tool pulls the clamp straight up 
and off the post without damage. 

7 Battery post/cable cleaner — Here is another cleaning 
tool which is a slightly different version of number 4 
above, but it does the same thing 

8 Rubber gloves — Another safety item to consider when 
servicing the battery; remember that's acid inside the battery! 


5 If you’re replacing some or all of the old cables, take them with you 
when buying new cables. It's vitally important that you replace the cables 
with identical parts. Cables have characteristics that make them easy to 
identify: Positive cables are usually red, larger in cross-section and have a 
larger diameter battery post clamp; ground cables are usually black, 
smaller in cross-section and have a slightly smaller diameter clamp for the 
negative post. 

6 Clean the threads of the solenoid or ground connection with a wire 
brush to remove rust and corrosion. Apply a light coat of battery terminal 
corrosion inhibitor, or petroleum jelly, to the threads to prevent future cor- 
rosion. 

7 Attach the cable to the solenoid or ground connection and tighten the 
mounting nut/bolt securely. 

8 Before connecting a new cable to the battery, make sure it reaches 
the battery post without having to be stretched. 

9 Connect the positive cables first, followed by the negative cables. 


3.25a Battery terminal corrosion usually appears ав light, 
fluffy powder 


Battery check, maintenance and charging 

Warning: Certain precautions must be followed when checking and serv- 
icing the battery. Hydrogen gas, which is highly flammable, is always pres- 
ent in the battery cells, so don't smoke and keep open flames and sparks 
away from the battery. The electrolyte inside the battery is actually dilute 
sulfuric acid, which will cause injury if splashed on your skin or in your 
eyes. It will also ruin clothes and painted surfaces. When removing the 
battery cables, always detach the negative cable first and hook it up last! 
Note: These models use two batteries, connected in parallel. The batter- 
ies must be checked and charged separately, but replaced in pairs. 


Check and maintenance 

1 Battery maintenance is an important procedure which will help ensure 
that you're not stranded because of dead batteries. Several tools are re- 
quired for this procedure (see illustration). 

2 Before servicing the battery, always turn the engine and all accesso- 
ries off and disconnect the cables from the negative terminals. 

З А sealed (sometimes called maintenance-free) battery is standard 
equipment on these vehicles. The cell caps can't be removed, no electro- 
lyte checks are required and water can't be added to the cells. However, if 
an aftermarket battery that requires regular maintenance has been in- 
Stalled, the following procedure can be used. 

4 Check the electrolyte level in each of the battery cells. It must be 
above the plates. There's usually a split-ring indicator in each cell to indi- 
cate the correct level. If the level is low, add distilled water only, then install 
the cell caps. Caution: Overfilling the cells may cause electrolyte to spill 
over during periods of heavy charging, causing corrosion and damage to 
nearby components. 

5 һе positive terminal and cable clamp on your vehicle's battery is 
equipped with a rubber protector, make sure that it’s not torn or damaged. 
It should completely cover the terminal. 

6  Theexternal condition of the battery should be checked periodically. 
Look for damage, such as a cracked case. 

7  Checkthe tightness of the battery cable clamps to ensure good elec- 
trical connections and inspect the entire length of each cable, looking for 
cracked or abraded insulation and frayed conductors. 

8 If corrosion (visible as white, fluffy deposits) is evident, remove the 
cables from the terminals, clean them with a battery brush and reinstall 
them (seeillustrations). Corrosion can be keptto a minimum by installing 
specially treated washers available at auto parts stores or by applying a 
layer of petroleum jelly or grease to the terminals and cable clamps after 
they are assembled. 

9 Make sure that the battery carrier is in good condition and that the 
hold-down clamp bolt is tight. If the battery is removed, make sure that no 
parts remain in the bottom of the carrier when it's reinstalled. When rein- 
stalling the hold-down clamp, don't overtighten the bolt. 
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3.25b Removing the cable from a battery post with a wrench — 
sometimes a special battery pliers is required for this procedure if 
corrosion has caused deterioration of the nut hex (always rsmava 
the ground cable first and hook it 
up last!) 


10 Corrosion on the carrier, battery case and surrounding areas can be 
removed with a solution of water and baking soda. Apply the mixture with a 
small brush, let it work, then rinse it off with plenty of clean water. 

11 Any metal parts of the vehicle damaged by corrosion should be 
coated with a zinc-based primer, then painted. 


Charging 

Note: Diesel models have two batteries connected in parallel and each 
battery should be charged separately, after disconnecting the negative 
cables. 


12 Remove all of the cell caps (if equipped) and cover the holes with a 
clean cloth to prevent spattering electrolyte. Disconnect the negative bat- 
tery cable and hook the battery charger leads to the battery posts (positive 
to positive, negative to negative), then plug in the charger. Make sure it is 
set at 12 volts if it has a selector switch. 

13 If you're using a charger with a rate higher than two amps, check the 
battery regularly during charging to make sure it doesn't overheat. If you're 
using atrickle charger, you can safely letthe battery charge overnight after 
you've checked it regularly for the first couple of hours. 

14 һе battery has removable cell caps, measure the specific gravity 
with a hydrometer every hour during the last few hours of the charging 
cycle. Hydrometers are available inexpensively from auto parts stores — 
follow the instructions that come with the hydrometer. Consider the battery 
charged when there's no change in the specific gravity reading for two 
hours andthe electrolyte in the cells is gassing (bubbling) freely. The spe- 
cific gravity reading from each cell should be very close to the others. If not, 
the battery probably has a bad cell(s). 

15 Some batteries with sealed tops have built-in hydrometers on the top 
that indicate the state of charge by the color displayed in the hydrometer 
window. Normally, a bright-colored hydrometer indicates a full charge and 
a dark hydrometer indicates the battery still needs charging. Check the 
battery manufacturer's instructions to be sure you know what the colors 
mean. 

16 If the battery has a sealed top and no built-in hydrometer, you can 
hook up a digital voltmeter across the battery terminals to check the 
charge. A fully charged battery should read 12.6 volts or higher. 


Throttle cable check and lubrication 

1 Inspect the throttle linkage for damage and missing parts as well as 
for binding and interference when the throttle pedal is depressed. 

2  Lubricate the linkage pivot points with engine oil. 
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3.25c Regardless of the type of tool used um the battery posts, а 
clean, shiny surface should be the result 
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3.254 When cleaning the cable clamps, all corrosion must be 


removed (the inside of the clamp is tapered to match the taper ат 
the post, so don't remove too much material) 


Warning: Replacement of air conditioning hoses must be left to a dealer 
service department or air conditioning shop that has the equipment to de- 
pressurize the system safely. Never remove air conditioning components 
or hoses until the system has been depressurized. 


Underhood hose check and replacement 


General 

1 Hightemperatures in the engine compartment can cause the deterio- 
ration of the rubber and plastic hoses used for engine, accessory and 
emission systems operation. Periodic inspection should be made for 
cracks, loose clamps, material hardening and leaks. 

2 Information specificto the cooling system hoses can be found in Sec- 
tion 8. 

3 Some, but not all, hoses are secured to the fittings with clamps. 
Where clamps are used, check to be sure they haven't lost their tension, 
allowing the hose to leak. If clamps aren't used, make sure the hose has 
not expanded and/or hardened where it slips over the fitting, allowing it to 
leak. 
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Vacuum hoses 

4 5 quite common for vacuum hoses, especially those in the emis- 
Sions system, to be color coded or identified by colored stripes molded into 
them. Various systems require hoses with different wall thicknesses, col- 
lapse resistance and temperature resistance. When replacing hoses, be 
sure the new ones are made of the same material. 

5 Often the only effective way to check a hose is to remove it completely 
from the vehicle. If more than one hose is removed, be sure to label the 
hoses and fittings to ensure correct installation. 

6 When checking vacuum hoses, be sure to include any plastic T-fit- 
tings in the check. Inspect the fittings for cracks and the hose where it fits 
over the fitting for distortion, which could cause leakage. 

7  Asmallpiece of vacuum hose (1/4-inch inside diameter) can be used 
as a stethoscope to detect vacuum leaks. Hold one end of the hose to your 
ear and probe around vacuum hoses and fittings, listening for the “hissing” 
sound characteristic of a vacuum leak. Warning: When probing with the 
vacuum hose stethoscope, be very careful not to come into contact with 
moving engine components such as the drivebelts, cooling fan, etc. 


Fuel hose 

Warning: There are certain precautions which must be taken when in- 
specting or servicing fuel system components. Work in a well ventilated 
area and do not allow open flames (cigarettes, appliance pilot lights, etc.) 
or bare light bulbs near the work area. Mop up any spills immediately and 
do not store fuel soaked rags where they could ignite. 

8 Check all rubber fuel lines for deterioration and chafing. Check espe- 
cially for cracks in areas where the hose bends and just before fittings. 
9 High quality fuel line, usually identified by the word Fluroelastomer 
printedonthe hose, should be usedforfuelline replacement. Never, under 
any circumstances, use unreinforced vacuum line, clear plastic tubing or 
water hose for fuel lines. 

10 Spring-type clamps are commonly used on fuel lines. These clamps 
often lose their tension over a period of time, and can be "sprung" during 
removal. Replace all spring-type clamps with screw clamps whenever a 
hose is replaced. 


Metal lines 

Warning: Use extreme care when inspecting the fuel lines, particularly 
when the engine is running. The fuel is under very high pressure and can 
penetrate the skin causing injury. 

11 Sections of metal line are used for fuel line between the fuel pump and 
the fuel injection unit and injectors. Check carefully to be sure the lines 
have not been bent or crimped and that cracks have not started in the 
lines. 

12 Ifa section of metal fuel line between the fuel injection pump and the 
injectors in must be replaced, use only direct replacement steel tubing 
from a dealer, since each line is a specific shape. 


Cooling System 


General information 


The cooling system basically consists of a radiator, a thermostat and 
a crankshaft pulley-driven water pump. 

The radiator cooling fan is mounted on the front of the water pump and 
incorporates a fluid drive fan clutch, saving horsepower and reducing 
noise. A fan shroud is mounted on the rear of the radiator. 

The system is pressurized by a spring-loaded radiator cap, which in- 
creases the boiling point of the coolant. If the coolant temperature goes 
above this increased boiling point, the extra pressure in the system forces 
the radiator cap valve off its seat and exposes the overflow pipe. The over- 
flow pipe leads to a coolant recovery system. This consists of a plastic res- 
ervoir into which the coolant which normally escapes due to expansion is 
retained. When the engine cools, the excess coolant is drawn back into 
the radiator, maintaining the system at full capacity. This is a continuous 
process and, provided the level in the reservoir is correctly maintained, it 
is not necessary to add coolant to the radiator. 


Coolant from the radiator circulates into the lower radiator hose to the 
water pump, where it is forced through the water passages in the cylinder 
block. The coolantthentravels up into the cylinder head, circulates around 
the combustion chambers and valve seats, travels out of the cylinder 
heads past the open thermostat into the upper radiator hose and back into 
the radiator. 

When the engine is cold the thermostat restricts the circulation of cool- 
ant to the engine. The thermostat is located near the front of the engine 
where the upper radiator hose connects to the engine. When the minimum 
operating temperature is reached, the thermostat begins to open, allowing 
coolant to return to the radiator. 

Automatic transmission-equipped models have a cooler element in- 
corporated into the radiator to cool the transmission fluid. 

The heating system works by directing air through the heater core 
mounted in the dash and then to the interior of the vehicle by a system of 
ducts. Temperature is controlled by mixing heated air with fresh air, using 
a system of flapper doors in the ducts, and а heater motor. 

Air conditioning is an optional accessory, consisting of an evaporator 
core located under the dash, a condenser in front of the radiator, a re- 
ceiver-drier in the engine compartment and a belt-driven compressor 
mounted at the front of the engine. 


Antifreeze — general information 

Warning: Do not allow antifreeze to come in contact with your skin or 
painted surfaces of the vehicle. Rinse off spills immediately with plenty of 
water. NEVER leave antifreeze lying around in an open container or in a 
puddle in the driveway or on the garage floor. Children and pets are at- 
tracted by it's sweet smell. Antifreeze is fatal if ingested. 

The cooling system should be filled with a water/ethylene glycol based 
antifreeze solution which will prevent freezing down to at least -20-de- 
grees F (even lower in cold climates). It also provides protection against 
corrosion and increases the coolant boiling point. 

The cooling system should be drained, flushed and refilled at least ev- 
ery other year. The use of antifreeze solutions for periods of longer than 
two years is likely to cause damage and encourage the formation of rust 
and scale in the system. 

Before adding antifreeze to the system, check all hose connections. 
Antifreeze can leak through very minute openings. 

The exact mixture of antifreeze to water which you should use de- 
pends on the relative weather conditions. The mixture should contain at 
least50 percent antifreeze, but should never contain more than 70 percent 
antifreeze. 


Thermostat — check and replacement 

Warning: The engine must be completely cool when this procedure is per- 
formed. 

Note: Don't drive the vehicle without a thermostat! 


Check 

1 Before condemning the thermostat, check the coolant level, drivebelt 
tension, drivebelt tension and temperature gauge (or light) operation. 

2 Ifthe engine takes a long time to warm up, the thermostat is probably 
stuck open. Replace the thermostat. 

3 If the engine runs hot, check the temperature of the upper radiator 
hose. If the hose isn’t hot, the thermostat is probably stuck shut. Replace 
the thermostat. 

4 Ifthe upper radiator hose is hot, it means the coolantis circulating and 
the thermostat is open. Check for other causes of overheating. 

5 Ifanengine has been overheated, you may find damage such as leak- 
ing head gaskets, scuffed pistons and warped or cracked cylinder heads. 


Replacement 

6 — Draincoolant from the radiator until the coolant level is below the ther- 
mostat housing. 

7 Remove the alternator and vacuum pump. 

8 )Disconnectthe upper radiator hose from the thermostat housing cov- 
er, which is located near the front of the engine. 

9  Removethe bolts and lift the thermostat cover off (seeillustration). It 
may be necessary to tap the cover with a soft-face hammer to break the 
gasket seal. 


SSS 
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3.26 Remove the thermostat cover 3.27 
bolts (arrows) 


10 Note how it's installed, then remove the thermostat. 

11 Useascraperor putty knife to remove alltraces of old gasket material 
and sealant from the mating surfaces. Make sure that no gasket material 
falls into the coolant passages; it is a good idea to stuff a rag in the pas- 
sage. Wipe the mating surfaces with a rag saturated with lacquer thinner 
or acetone. 

12 The original thermostat does not have a bypass. The wrong replace- 
ment could cause overheating damage. Use only a Motorcraft 
E5TZ-8575-C or Navistar 1807945-C1 or equivalent thermostat. Apply a 
thin layer of RTV sealantto the gasket mating surfaces of the housing and 
cover, then install the new thermostat in the engine (see illustration). 
Make sure the correct end faces up – the spring is directed into the hous- 
ing. 

13 Positionanew gasket on the housing and make sure the gasket holes 
line up with the bolt holes in the housing (see illustration). 

14 Carefully position the cover on the housing and install the bolts. Tight- 
en them to the torque listed in this Chapter's Specifications — do not over- 
tighten them or the cover may be damaged. 

15 Reattach the radiator hose to the cover and tighten the clamp — now 
may be a good time to check and replace the hoses and clamps. 

16 Refertothe Cooling System portion of this Chapter and refill the sys- 
tem, then run the engine and check carefully for leaks. 


L b. - 


3.29 The sending unit for the light (arrow) is located near the 
front of the cylinder head on the left (driver's) side of the engine 


Install the mew gasket with 
the spring side in 


3.28 Position a new gasket 
so the holes align 


Coolant temperature sending unit — check 
and replacement 


Warning: The engine must be completely cool before removing the send- 
ing unit. l 


Check 

1 if the coolant temperature gauge or light is inoperative, check the 
fuses first. 

2  |feitherofthetemperature indicators show excessive temperature af- 
ter running awhile, check the cooling system for the possible source of 
overheating. 

3 Ifthe temperature gauge or light indicates Hot shortly after the engine 
is started cold, disconnect the wire at the coolant temperature sending unit 
(see illustrations). If the light goes out or the gauge reading drops, re- 
place the sending unit. If the reading remains high, the wire to the gauge 
may be shorted to ground or the gauge is faulty. 

4 Ifthe coolant temperature gauge fails to indicate after the engine has 
been warmed up (approximately 10 minutes) and the fuses checked out 
okay, shut off the engine. Disconnect the wire at the sending unit and, us- 
ing a jumper wire, connect it to a clean ground on the engine. Turn on the 
ignition without starting the engine. Ifthe gauge now indicates Hot, replace 
the sending unit. 


3.30 The sending unit for the gauge is located near the front of 
the intake manifold (arrow) 
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3.31a Typical F-Series truck fan shroud and radiator details 
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3.31b Typical E-Series van fan shroud and radiator details 


5 Ifthe gauge still does not work, the circuit may be open or the gauge 
may be faulty. 


Replacement 

6 With the engine completely cool, remove the cap from the radiator to 
release any pressure, then reinstall the cap. This reduces coolant loss 
during sending unit replacement. 

7  Disconnect the wiring harness from the sending unit. 

8 Prepare the new sending unit for installation by applying a light coat of 
sealant to the threads. 

9 Unscrew the sending unit from the engine and quickly install the new 
one to prevent coolant loss. 

10 Tighten the sending unit securely and connect the wiring harness. 
11 Refill the cooling system and run the engine. Check for leaks and 
proper gauge operation. 


Cooling fan and fan clutch — removal and installation 


1 Thecoolingfan should be replaced if the blades become damaged or 
bent. The viscous drive fan clutch is disengaged when the engine is cold, 
or at high engine speeds, when the silicone fluid inside the clutch is con- 
tained inthe reservoir section by centrifugal action. Symptoms of failure of 
the fan clutch include continuous noisy operation (fan clutch seized), lack 
of cooling (clutch freewheels), looseness leading to vibration (worn bear- 
ings) and evidence of silicone fluid leaks (worn seals). 

2  Disconnectthe ground cables from the negative terminals of the bat- 
teries. 

3 Unboltthe fan shroud (see illustrations) and slip it back toward the 


engine to provide access to the fan. 

4 Remove the drivebeit (see the Maintenence portion of this Chapter). 
5 Using Ford Fan Clutch Pulley Holder no. T83T-6312-A (or equivalent) 
and Fan Clutch Nut Wrench no. T83T-6312-B (or equivalent), loosen the 
fan clutch assembly by turning it clockwise (as viewed from the front) and 
detach it from the water pump (see illustration). 
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3.32 Remove the fan clutch assembly 
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3.33 Fan assembly — exploded view 


6 The fan shroud can now be lifted from the engine compartment, if de- 
sired. 

7 Unboltthe fan clutch from the fan blade assembly (see illustration) 
for replacement, if necessary. 

8 Installation is the reverse of removal. Be sure to tighten all fasteners 
to the torque listed in this Chapter's Specifications. 


Water pump — check 

1 Water pump failure can cause overheating and serious damage to the 
engine. There are three ways to check the operation of the water pump 
while it is installed on the engine. If any one of the three following quick 
checks indicates water pump problems, it should be replaced immed- 
iately. 

2 Start the engine and warm it up to normal operating temperature. 
Squeezethe the upper radiator hose. If the water pump is working proper- 
ly, you should feel a pressure surge as the hose is released. 

3  Asealprotects the water pump impeller shaft bearing from contami- 
nation by engine coolant. If this seal fails, a weep hole in the water pump 
snout will leak coolant (an inspection mirror can be used to look at the un- 
derside of the pump if the hole isn't on top). If the weep hole is leaking, 
shaft bearing failure will follow. Replace the water pump immediately. 

4 Besides contamination by coolant after a seal failure, the water pump 
impeller shaft bearing can also be prematurely worn out by an improperly 
tensioned drivebelt. When the bearing wears out, it emits a high pitched 
squealing sound. If such a noise is coming from the water pump during 
engine operation, the shaft bearing has failed — replace the water pump 
immediately. Note: Do not confuse belt noise with bearing noise. 

5  Toidentify excessive bearing wear before the bearing actually fails, 
grasp the water pump pulley and try to force it up-and-down or from side- 


3.34 Try to rock the pulley back and forth 


to-side (see illustration). If the pulley can be moved either horizontally or 
vertically, the bearing is nearing the end of its service life. Replace the wa- 
ter pump. 


Water pump — removal and installation 


Removal 

1 Disconnect the ground cables from the negative terminals of the the 
batteries. 

2 Drain the coolant as described in the Maintenence portion of this 
Chapter. 

3  Removethefan assembly (seethe appropriate Section), water pump 
pulley and drivebelts. 

4  Onsomemodels the compressor, alternator, vacuum pump or power 
steering pump brackets may attach to the water pump (see illustration). 
Where necessary, loosen the components so the brackets can be moved 
aside and the water pump bolts removed. 

5 Detach the hoses from the water pump and then remove the heater 
hose fitting from the pump. 

6 Remove the mounting bolts from the water pump and detach it from 
the block (see illustration). It may be necessary to grasp the pump se- 
curely and tap it with a soft-face hammer to break the gasket seal. 


Installation 

7 Clean the sealing surfaces on both the block and the water pump. 
Wipe the mating surfaces with a rag saturated with lacquer thinner or ace- 
tone. 

8 Coat the two top bolts and two bottom bolts with Aviation Permatex 
TM no. 3 (or equivalent). 

9  Applyathinlayer of RTV sealantto the water pump and block mount- 
ing surfaces and install a new water pump gasket. 

10 Place the water pump in position and install the bolts finger tight. Be 
sure to install the correct length bolts in the proper holes (see illustra- 


Ф) 


3.36 Water pump components – exploded view 


М PERMATEX® 
NO. 3 OR EQUIVALENT 
TO THESE BOLTS 
(DTHESE BOLTS 2 3/4-INCHES LONG. 
ALL OTHERS AE 1 1/2 МЕЕ LONG. 


3.37 Be sure to install the bolts in the proper holes 
(there are two different lengths of boits) 
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3.35 Typical engine accessories — exploded view 
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3.38 Typical Ford diesel fuel system 


tion). Use caution to ensure that the gaskets do not slip out of position. 
Remember to replace any mounting brackets secured by the water pump 
mounting bolts. Tighten the bolts to the torque listed in this Chapter's spec- 
ifications. 

11 Install the water pump pulley and fan assembly. 

12 Coat the heater hose fitting with pipe sealant (Ford no. 
D8AZ-19554-A or equivalent), then install it and tighten securely. Install 
the heater hose and hose clamp. Tighten the hose clamp Securely. 

13 Reinstall the remaining components in the reverse order of removal. 
14 Adjustthe drivebelts, add coolant and bleed the system as described 
in the Maintenence portion of this Chapter. 

15 Connectthe ground cables to the negative terminals of the batteries. 
16 Start the engine and check the water pump and hoses for leaks. 


Fuel System 


General information 


The fuel system is what most sets apart diesel engines from their gaso- 
line powered cousins (see illustration). Simply stated, fuel is sprayed di- 
rectly into the combustion chambers; the more fuel that is sprayed, the 
more power the engine produces. Unlike gasoline engines, diesels have 
no throttle plates to limit the entry of air into the intake manifold. The only 
controlis the amount of fuel injected; an unrestricted supply of air is always 
available through the intake. 

There are two major sub-systems in the fuel injection system; the low 
pressure (also known as the supply or transfer) portion and the high pres- 
sure injection (delivery) portion. 

The low pressure system “transfers” fuel from the tank to the engine 
for use by the injection pump. Fuel is drawn by the low pressure pump 
through a series of screens and filters/water separators via fuel lines to 
the high pressure injection pump. A bypass system allows excess fuel to 
return to the tank. 

A high pressure fuel injection pump (see illustration) meters fuel to 


the cylinders in minute high pressure squirts. These fuel pulses are di- 
rected to the fuel injectors of each cylinder in the firing order of the engine. 
When more power and speed is desired, the fuel injection system simply 
sprays more fuel into the cylinders. When a preset maximum engine 
speed is reached, a governor limits the delivery of fuel, thereby limiting 
speed. 

The injection of fuel also determines the timing of combustion, similar 
to spark timing in a gasoline engine. As engine speed increases, timing 
must be advanced. 

Fuel system problems are by far the most frequent cause of break- 
downs and loss of power in diesel-powered vehicles. Whenever a diesel 
engine quits running or loses power for no apparent reason, check the fuel 
system first. Begin with the most obvious items first, such as the fuel filter 
and damaged fuel lines. If the vehicle has multiple fuel tanks, suspect a 
faulty tank switchover valve. 

The fuel system on diesel enginesis extremely sensitive to contamina- 
tion. Fuel contamination is a serious problem due to the very small clear- 
ances in the injection pump and the minute orifices in the injection nozzles. 
The injection pump and the injectors can be damaged or ruined. 

Water-contaminated diesel fuel is a major problem. If it remains in the 
fuel system too long, water will cause serious and expensive damage. The 
fuel lines and the fuel filter can also become plugged with rust particles, 
or clogged with ice in cold weather. 


Diesel fuel contamination 


Before you replace an injection pump or some other expensive compo- 
nent, find out what caused the failure. If water contamination is present, 
buying a new or rebuilt pump or other component won't do much good. 
The following procedure will help you pinpoint whether water contamina- 
tion is present: 

1) Remove the engine fuel filter and inspect the contents for the pres- 

ence of water or gasoline. 

2) If the vehicle has been stalling, performance has been poor or the 

engine has been knocking loudly, suspect fuel contamination. Gas- 
oline or water must be removed by flushing (see below). 
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3.39 Cutaway view of the fuel injection pump 


3) If you find a lot of water in the fuel filter, remove the injection pump 
fuel return line and check for water there. If the pump has water in 
it, flush the system (see below). 

Small quantities of surface rust won't create a problem. If contami- 
nation is excessive, the vehicle will probably stall. 

Sometimes contamination in the system becomes severe enough 
to cause physical damage to the internal parts in the pump. If the 
damage reaches this stage, have the damaged parts replaced and 
the pump rebuilt by an authorized fuel injection shop, or buy a re- 
built pump. 


>= 
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Storage 

Good quality diesel fuel contains inhibitors to stop the formation of rust 
in the fuel lines and the injectors, so as long as there are no leaks in the 
fuel system, it's generally safe from water contamination. Diesel fuel is 
usually contaminated by water as a result of careless storage. There's not 
much you can do about the storage practices of service stations where 
you buy diesel fuel, but if you keep a small supply of diesel fuel on hand 
at home, as many diesel owners do, follow these simple rules: 

1) Diesel fuel "ages" and goes stale. Don't store containers of diesel 
fuel for long periods of time. Use it up regularly and replace it with 
fresh fuel. 

2) Keep fuel storage containers out of direct sunlight. Variations in 
heat and humidity promote condensation inside fuel containers. 

3) Don't store diesel fuel in galvanized containers. It may cause the 
galvanizing to flake off, contaminating the fuel and clogging filters 
when the fuel is used. 

4) Label containers properly, as containing diesel fuel. 


Fighting fungi and bacteria with biocides 
If there's water in the fuel, fungi and/or bacteria can form in diesel fuel 
in warm or humid weather. Fungi and bacteria plug fuel lines, fuel filters 
and injection nozzles; they can also cause corrosion in the fuel system. 
If you've had problems with water in the fuel system and you live in a 
warm or humid climate, have your dealer correct the problem. Then, use 


a diesel fuel biocide to sterilize the fuel system in accordance with the 
manufacturer's instructions. Biocides are available from your dealer, ser- 
vice stations and auto parts stores. Consult your dealer for advice on using 
biocides in your area, and for recommendations on which ones to use. 


Cleaning the low-pressure fuel system 


Water in fuel system 

1  Disconnectthe ground cables from the negative terminals of the bat- 
teries. 

2  Drainthe fuel tank into an approved container and dispose of it prop- 
erly. 

3 Remove the tank gauge sending unit. 

4 Thoroughly clean the fuel tank. If it’s rusted inside, send it to a repair 
shop or replace it. Clean or replace the fuel pick-up filter and check the 
valve assembly. 

5 Reinstall the fuel tank but don't connect the fuel lines to the fuel tank 
yet. 

6  Disconnectthe main fuel line from the low-pressure fuel pump. Using 
low air pressure, blow outthe line toward the rear of the vehicle. Warning: 
Wear eye protection. 

7 Temporarily disconnect the fuel return fuel line at the injection pump 
and again, using low air pressure, blow out the line toward the rear of the 
vehicle. 

8  Reconnectthe main fuel and return lines at the tank. Fill the tank to a 
fourth of its capacity with clean diesel fuel. Install the cap on the fuel filler 
rieck. 

9 Remove and discard the fuel filter. 

10 Connect the fuel line to the fuel pump. 

11 Reconnect the battery cables. 

12 Purgethefuel pump and pump-to-filter line by cranking the engine un- 
til clean fuel is pumped out. Catch the fuel in a closed metal container. 
13 Install a new fuel filter. 

14 Install a hose from the fuel return line (from the injection pump) to a 
closed metal container with a capacity of at least two gallons. 
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15 Crank the engine until clean fuel appears at the return line. Don't 
crank the engine for more than 30 seconds at a time. If it’s necessary to 
crank it again, allow a three-minute interval before resuming. 

16 Using a line wrench, loosen each high pressure line at the injector 
nozzles. 

17 Crankthe engine until clean fuel appears at each nozzle. Don't crank 
the engine for more than 30 seconds at a time. If it’s necessary to crank it 
again, allow a three-minute interval before resuming. 


Gasoline in the fuel system 
Warning: Gasoline is extremely flammable, so take extra precautions 
when working with it. Don't smoke or allow open flames or bare light bulbs 
in the work area, and don't work in a garage where a gas-type appliance is 
present. If you spill fuel on your skin, wash itoff immediately with soap and 
water. Have a Class B fire extinguisher handy. 

If gasoline has been accidentally pumped into the fuel tank, it should 
be drained immediately. Gasoline in the fuel in small amounts — up to 30 
percent — isn't usually noticeable. At higher ratios, the engine may make 
aknocking noise, which will get louder as the amount of gasoline goes up. 
Here's how to rid the fuel system of gasoline: 
1 Drain the fuel tank into an approved container and fill the tank with 
clean, fresh diesel fuel. 
2 Remove the fuel line between the fuel filter and the injection pump. 
3  Connecta short pipe and hose to the fuel filter outlet and run it to a 
closed metal container. 
4  Crankthe engine to purge gasoline out of the fuel pump and fuel filter. 
Don’t crank the engine more than 30 seconds. Allow two or three minutes 
between cranking intervals for the starter to cool. 
5 Remove the short pipe and hose and install the fuel line between the 
fuel filter and the injection pump. 
6 Trytostartthe engine. If it doesn't start, purge the injection pump and 
lines: Crack the fuel line fittings a little, just enough for fuel to leak out. De- 
press the accelerator pedal to the floor and, holding it there, crank the en- 
gine until all gasoline is gone, i.e. diesel fuel leaks out of the fittings. 
Tighten the fittings. Limit cranking to 30 seconds with two or three minutes 
between cranking intervals. Warning: Avoid sources of ignition and have 
a fire extinguisher handy. 
7 Start the engine and run it at idle for 15 minutes. 


“Water-In-Fuel” (WIF) warning system 

The system detects the presence of water in the fuel filter when it 
reaches the one-tenth gallon level. Water is detected by a probe that com- 
pletes a circuit through a wire to a light in the instrument cluster that reads 
“Water In Fuel.” 

Units include a bulb-check feature: When the ignition is turned on, the 
bulb glows momentarily, then fades away. 

If the light comes on immediately after you've filled the tank, drain the 
water from the system immediately. There might be enough water in the 
system to shut the engine down before you've driven even a short dis- 
tance. If, however, the light comes on during а cornering or braking ma- 
neuver, there's less water in the system; the engine probably won't shut 
down immediately, but you still should drain the water soon. . 

Water is heavier than diesel fuel, so it sinks to the bottom of the fuel 
tank. An extended return pipe on the fuel tank sending unit, which reaches 
down into the bottom of the tank, enables you to siphon most of the water 
from the tank without having to remove the tank. But siphoning won't re- 
move all of the water; you'll still need to remove the tank and thoroughly 
clean it. Warning: Do not start a siphon by mouth — use a siphoning kit 
(available at most auto parts stores). 

Ifthe water sensor probe needs to be replaced, you can service it sepa- 
rately from the fuel filter unit (see illustration). Unscrew the old unit and 
install a new one. 


Low pressure pump — check 

There are some simple tests you can perform to determine whether 
a mechanical low pressure fuel pump is operating satisfactorily. But first, 
do the following preliminary inspection: 


Preliminary inspection 
1 Check the fuel line fittings and connections — make sure they're tight. 
If a fitting is loose, air and/or fuel leaks may occur. 


FILTER ASSEMBLY 
HEADER (F-SERIES) 


FUEL PRIMING 

VALVE AND zh 
CONTINUOUS 
VENT WITH 

CHECK VALVE N 


VACUUM SWITCH 
(FUEL FILTER ELEMENT 
REPLACEMENT 
INDICATOR) 


CONTINUOUS VENT WITH 
CHECK VALVE 


FUEL PRIMING 
VALVE AND CAP 


FUEL HEATER 
O-RING 


FILTER ASSEMBLY = 


HEADER (E-SERIES) Б THREADED INSERT 


FUEL FILTER 
ELEMENT 


DRAIN VALVE 


=. ЅТЕМ САР 


WATER SEPARATOR 
DRAIN BOWL 


| VENT/VALVE 
ASSEMBLY 
E — DRAIN 
VALVE (TURN TO DRAIN) 


3.40 In this typical Ford fue! filter assembly, the water 
sansar probe is ё the bottom 


2 Check for bends or kinks in the fuel lines. 

3 Startthe engine and let it warm up. With the engine idling, conductthe 
following preliminary inspection before proceeding to the actual fuel pump 
tests: 

a) Look for leaks at the pressure (outlet) side of the pump. 

b) Look for leaks on the suction (inlet) side of the pump. A leak on the 
suction side will let air into the pump and reduce the volume of fuel 
on the pressure (outlet) side of the pump. 

с) Inspectthe cover and the fittings on the fuel pump for leaks. Tighten 
or replace the fittings as necessary. 

d) Look for leaks around the diaphragm, the flange and the breather 
holes in the pump housing. If any of them are leaking, replace the 
pump. 


Mechanical pump fuel flow test 

1 Unscrew the threaded fittings and detach the fuel line from the filter 
inlet. 

2 Disconnect the wire at the fuel injection pump electric shut-off sole- 
noid. 

3 Putthe end of the metal line in a container and crank over the enginea 
few times. 

4 Iflittle or no fuel flows from the open end of the fuel line, either the line 
is clogged or the fuel pump is faulty. Remove the line between the fuel tank 
and the pump, blow it out and try this test again. 
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3.41 Connect a vacuum gauge to the fuel pump inlet 


5 If there’s still little fuel flowing from the pipe, replace the pump (see 
below). 


Vacuum test 

The vacuum test is the best indicator of how well a mechanical low- 
pressure pump is working. If the low-pressure pump can only draw a low 
vacuum, or has a total loss of vacuum, it can't provide sufficient fuel to the 
injection pump to operate the engine throughout its normal speed range. 
The following vacuum test will help you determine whether the pump has 
the ability to pump fuel. 
1 Detach the hose from the fuel tank to the fuel pump at the pump. Plug 
the hose to prevent contamination or fuel leakage. 
2  Connectone end of a short hose to the fuel pump inlet and attach a 
vacuum gauge to the other end (see illustration). 
3  Startthe engine. Note the vacuum gauge reading with the engine at 


idle. Shut off the engine. If the indicated vacuumis less than 12 inches Hg, 
replace the pump. 
4 Remove the vacuum gauge and reattach the fuel inlet line. 


Mechanical low pressure pump — removal 
and installation 


Removal 

1 The low pressure (also known as supply or transfer) mechanical fuel 
pumpis located on the right (passenger’s) side of the engine, low and near 
the front. 

2  Usingaflare nut wrench, loosen and then retighten the threaded fuel 
lines. 

3  Loosenthe pump mounting bolts one or two turns. Move the pump by 
hand to break the gasket seal. Using a remote starter switch, operate the 
starter to rotate the crankshaft in short bursts until the fuel pump cam is at 
its lowest position (see illustration). Warning: Stay clear of the fan and 
drivebelts. 

4  Disconnectthe fuel lines from the fuel pump (see illustration). 

5 Remove the fuel pump mounting bolts and remove the pump. 


Installation 

6 Remove all traces of old gasket material. 

7  Insertthe fuel pump mounting bolts into the pump and position a new 
gasket over the bolts. 

8 Apply a coat of assembly lube onto the fuel pump lever-to-cam con- 
tact surface. Hold the pump in place on the engine and start the bolts by 
hand to avoid cross-threading. Note: The fuel pump cam must be in its low 
position during pump installation. If it is difficult to install the pump due to 
lever interference, turn the crankshaft as described in Step 3 until the 
pump seats properly. 

9  Tighten the mounting bolts securely. 

10 install the fuel lines. Start the outlet line by hand to avoid cross- 
threading. 

11 Start the engine and check for fuel and oil leaks. 


Electric low-pressure pump — general information 

Some models use an electric low-pressure pump instead of a mechan- 
ical pump. The pump is usually located on the engine mount adjacent to 
the starter. 
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3.42 Position the fuel pump cam at the base circle 
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3.43 Remove the fuel lines and cap the fittings 
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3.44 On most F-Series trucks, the inertia switch is located under 
the instrument panel to the right of the transmission hump - reset 
by pushing the button. 


li RESET 
BUTTON 


LOWER EDGE OF 
INSTRUMENT PANEL _ 


HEATER/ 
DUCT 
RIGHT 
DOOR 
FRAME 


SHUTOFF 
SWITCH 


3.45 On most E-Series vans, the inertia switch is located on 
the right cowl panel forward of the right front door and below 
the instrument panel 


When the ignition switch is in the Run or Start position, power flows to 
the pump relay mounted on the inner fender. When the relay closes, power 
flows from the batteries through an 18 gauge fusible link at the starter sole- 
noid and then to the pump. 

In the event of an accident, the fuel pump inertia switch opens, cutting 
off power to the pump. If the pump is inoperative, check and, if necessary, 
reset the fuel pump inertia switch (see illustrations). Be sure to check for 
fuel leaks before and after resetting the switch. Note: /f the switch is not 
located in the place shown, check the vehicle owner’s manual. 


Testing the electric pump 

Preliminary inspection 

1 Check the fuel line fittings and connections — make sure they're tight. 
If a fitting is loose, air and/or fuel leaks may occur. 

2 Check for bends or kinks in the fuel lines. 

3 Startthe engine and let it warm up. With the engine idling, conduct the 
following preliminary inspection before proceeding to the actual fuel pump 
tests: 


FUSE LINK 


3.46 Typical electric fuel pump 
schematic wiring diagram 
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3.47 Typical push connect fittings 


a) Listen to the pump. It should emit a steady purring sound. If it 
sounds shrill or metallic, it’s probably about to fail. 

b) Look for leaks at the pressure (outlet) side of the pump. 

c) Look for leaks on the suction (inlet) side of the pump. A leak on the 
suction side will suck air into the pump and reduce the volume of 
fuel on the pressure (outlet) side of the pump. 

d) Inspectthe pump itself and the fittings on the pump for leaks. Tight- 
en or replace the fittings as necesary. 


Voltage test 

1 First, make sure the pump is getting battery voltage. Detach the pink 
and black wire (see illustration) and, using a test light, make sure the 
pump is receiving voltage. 

2 ‘Ifthe pumpisn’t receiving voltage, trace the wire back to the main wire 
harness, locate the problem (open, short, loose connector, etc.), fix it and 
recheck. l 

3 Ifthe pumpis receiving voltage and has a good ground, but isn't oper- 
ating, replace the pump. 


Output tests 

1 Ifthe pump is getting battery voltage and sounds like it's operating 
properly, check the fue! output. 

2  Disconnect the outlet hose from the pump, attach a short section of 
hose in its place and place the end of the hose in a fuel container. 

3  Startthe engine briefly and note the quality and quantity of the squirts 
of fuel being emitted by the pump. They should be distinct and pro- 
nounced. If they're dribbling out, the pump is worn out. Replace it. Warn- 
ing: Wear eye protection, don't spill fuel, and keep a fire extinguisher 
handy. 


Electric pump — removal and installation 

1 Detach the ground cables from the negative battery terminals. 

2  Detach the wires from the pump. 

3  Disconnectthe fuel inlet and outlet lines from the pump and plug the 
lines to prevent contamination and leakage. 

4  Loosenthe pump mounting bracket and remove the pump. 

5 Installation is the reverse of removal. 


Injection lines — servicing 
Low pressure lines 

Special "push connect" fittings are used on some parts of the fuel sys- 
tem. To detach such fittings (see illustration), remove the "hairpin" type 
clip by first bending the shipping tab down so it will clear the body. Using 
hands only, spread the two clip legs about 1/8-inch to disengage the body 
and push the legs into the fitting. Lightly pullfrom the triangular end of the 
clip and work it clear of the tube and fitting. Separate the fitting. 


3.48 Push the fittings together until a click is heard, 
then try to pull them apart 


To install the fitting, use a new clip. Insert it into any two adjacent open- 
ings with the triangular portion pointing away from the fitting opening. 
Guide the clip with an index finger (see illustration) until it locks on the 
outside. 


High pressure lines 

Only a small amount of fuel is forced into each line during each injec- 
tion. Each tiny pulse of fuel pushes the fuel already in the line toward its 
respective nozzle, forcing a small amount of fuel at the other end of the 
line through the spring-loaded nozzle and into the combustion chamber. 
The nozzle restricts the fuel and acts as a shut-off valve governed by its 
opening pressure. 

Each line must be of equal length and inside diameter to prevent un- 
even injection timing. If you have to replace some of the high pressure 
lines, make SURE you buy lines of the same length and inside diameter 
as the originals. 
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3.50b ...then unbolt the bracket and set it aside 


4  Detach the accelerator cable (and speed control cable, if equipped) 
from the injection pump. Remove the accelerator cable bracket from the 
intake manifold and position it aside (see illustrations). 

— а Р 5 Disconnect the fuel line from the fuel filter to the injection pump and 
3.50a Detach the accelerator cable... cap alll fittings. 
6 Disconnect the fuel lines at the injectors and cap the ends. 
7 Remove and cap the injection pump inlet elbow. Remove and cap the 


Eight metal lines (see illustration) carry the pressurized fuel fromthe Nlet fitting adapter. 


he injection nozzles. These lines should never be bent, kinked 8 Remove the injection lines, one ata time, from the injection pump us- 
ut im жу i ing Ford Fuel Line Nut Wrench no. T83T-9396-A or equivalent. Follow the 


sequence 5-6-4-8-3-1-7-2 (see illustration). Cap all ofthe open fittings as 
the lines are removed and label each line for reinstallation. 


Removal | 

1  Disconnectthe ground cables from the negative terminals of the bat- Installation 

teries. 9  Instal the injection lines one at a time, in the sequence 
2 Clean the exterior of the injection lines and injectors. 2-7-1-3-8-4-6-5. Using Ford Fuel Line Nut Wrench no. T83T-9396-A or 
3 Remove the air cleaner and cover the air intake. On E-Series vans, equivalent, tighten the lines to the torque listed in this Chapter’s specifica- 
remove the engine cover. tions. 


——————————————————————————————————— 
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3.51 Cylinder numbering sequence оп the injection pump 
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3.52 Fuel injector nozzle 


10 Clean old sealant from the injection pump elbow, then apply a light 
coat of Pipe Sealant (Ford no. D8AZ-19554-A or equivalent). 

11 Install the elbow in the injection pump adapter and tighten to a mini- 
mum of 6 ft-lbs. Then tighten more, if necessary, to align the elbow with the 
injection pump fuel inlet line, but do not exceed 360-degrees of rotation 
or 10 ft-lbs. of torque. 

12 Install the remaining components in the reverse order of removal. 
13 Startthe engine and check for fuel leaks. If necessary, purge air from 
the lines by operating the starter while the fittings are loosened at the injec- 
tors. Crank the engine until bubble-free fuel comes from the lines. 


Fuel injection nozzles 

Special high pressure fuel injection nozzles (injectors) are used in all 
Ford diesel engines covered in this Chapter. The injector nozzle (see il- 
lustration) sprays fuel when the fuel reaches a predetermined pressure. 
Unlike a gasoline fuel injector, which sprays fuel into the intake port, the 
diesel nozzle sprays fuel into a pre-combustion chamber. 


As fuel is injected from the nozzle, it's swirled just before it passes 
around the head of the valve, producing a high-velocity, narrow-cone, at- 
omized spray which promotes more efficient combustion. The nozzle as- 
sembly is a precisely-machined assembly, matched and preset at the 
factory. 

Do NOT disassembie fuel injectors! They're assembled to precise tol- 
erances and may not work properly once you've taken them apart. 

New or rebuilt injectors are available through your Ford dealer or auto 
parts store. When you replace worn injectors, make sure you get the cor- 
rect units for your engine. Though they may look identical, all are NOT in- 
terchangeable. 


Fuel injection nozzle(s) — removal and installation 

1 Clean the injectors and lines. 

2 Remove the injection lines as described previously. 

3  Removethe line sensors (seeillustration) and cap the open fittings. 
On F-Series trucks, the sensor is on the number one injector line. On E- 
Series trucks, the sensor is on the number four injector line. 
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3.54 Store the injectors in order so they сап be 
returned to their original cylinders 
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3.55 Clean the injector bores with m nozzle 
seat cleaner 


4  Disconnectthe fuel return (leak-off) tees from each injector assembly 
and place them aside. Cap the open ends with Ford Protective Cap Set no. 
T83T-9395-A or equivalent. 

5 Remove the pump-to-fuel return tube hose at the fuel return elbow. 
Cap the elbow at the pump. Disconnect the return (leak-off) tee-to-fuel fil- 
ter hose at the leak off tee. 

6  Loosenthe two fuel return tube retaining clamps (at the intake man- 
ifold and the lifting bracket). Remove the fuel return lines and tees as an 
assembly. 

7  Removetheinjectors by turning them counterclockwise. Lift the injec- 
tor and copper washer from the engine. Plug the openings. Caution: Do 
not strike the nozzle tip against any hard surface. 

8 Remove the copper injector nozzle gasket from the nozzle bore with 
O-ring T71P-19703-C or equivalent, if not attached to nozzle tip. 

9 Placetheinjectors in a fabricated holder (see illustration). Mark their 
cylinder numbers to permit installation in their original cylinders. 

10 Using Ford Nozzle Seat Cleaner no. T83T-9527-A or equvalent (see 
illustration), clean the injector bores in the cylinder heads. Blow out any 
particles with compressed air. Warning: Wear eye protection. 


3.56 Unscrew the bolts (arrows) and detach the oil filler neck 


TNE : d c MEE 


11 Remove the protective caps and install a new copper gasket nozzle 
assembly, with a small dab of multi-purpose grease (Ford no. 
DOAZ-19584-AA or equivalent). 

12 Apply anti-seize compound on the injector threads and install the in- 
jectors. Tighten them to the torque listed in this Chapter's specifications. 
13 Using new O-ring seals, install the fuel return tees and lines. 

14 Install the injector lines as described previously. 

15 Run the engine and check for proper operation. 


Injection pump — removal and installation 

Removal 

1 Allow the engine to cool completely, then clean the exterior of the in- 
jection pump. Caution: Do not clean the engine when it is still warm. 

2  Disconnectthe ground cables from the negative terminals of the bat- 
teries. 

3  On"E-Series" trucks, remove the engine cover. 

4 Remove the engine oil filler neck (see illustration). 

5 Remove the injection pump-to-drive gear bolts (see illustration). 
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3.57 Unbolt the pump from the drive gear 


Label and detach the hoses and electrical connectors 
from the pump 


w 7 


3.60 Unbolt the accelerator cable bracket (arrows) 


6 Detach the electrical connectors from the injection pump (see illus- 
tration). 

7 Disconnect the accelerator cable (and speed control cable, if 
equipped) from the throttle lever (see illustration). 

8 Remove the air cleaner and cover the opening with Ford Intake Man- 
ifold Cover no. T83T-9424-A or a cloth. 

9  Detach the accelerator cable bracket, with cables, from the intake 
manifold and set it aside (see illustration). 

10 On “E-Series” trucks, disconnect the fuel inlet and return lines from 
the fuel filter. Then unbolt the fuel filter bracket and remove the filter as- 
sembly. Caution: Cap all the open lines and fittings with Ford Fuel System 
Protective Cap Set T83T-9395-A or equivalent. 

11 Remove the fuel filter-to-injection pump fuel line and cap the fittings. 
12 Disconnect and cap the injection pump inlet elbow and pump fitting 
adapter (see illustration). 

13 Detach the fuel return line from the injection pump, rotate it out of the 
way and cap the open fittings. 

14 Detachthe injection lines from the nozzles and capthe open fittings. If 
the pump is being repaired or replaced, remove the injection lines from it 
using Ford Fuel Line Nut Wrench T83T-9396-A or equivalent and cap the 
fittings. 

15 Remove the three injection pump attaching bolts (see illustration), 
using Ford Injection Pump Mounting Wrench T86T-9000-C or equivalent. 
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3.61 Disconnect the injection pump inlet elbow and pump 
fitting adapter 


INJECTION PUMP 
MOUNTING WRENCH 
T86T-9000-C 


MOUNTING NUT : 
(3 PLACES) 


3.62 A special wrench may be required to loosen the pump 
mounting bolts 
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3.63 Fast idle solenoid details 


16 Liftthe injection pump from the engine compartment. Caution: Do not 
lift or carry the injection pump by the lines. 

17 Unbolt the injection pump drive gear cover (adapter housing), if nec- 
essary. Refer to Timing gears — removal, inspection and installationin this 
Chapter. 


Installation 

18 Reinstall the injection pump drive gear cover (adapter housing), if re- 
moved. 

19 Install a new O-ring on the drive gear end of the injection pump. 

20 Place the injection pump onthe engine. Fitthe alignment dowel onthe 
injection pump into the alignment hole on the drive gear (see illustration 
in Step 5). 

21 Install the three drive gear-to-injection pump bolts and tighten to the 
torque listed in this Chapter’s Specifications. 

22 Installthe injection pump-to-adapter nuts. Align the scribe lines on the 
injection pump flange and injection pump adapter and tighten to the torque 
listed in this Chapter’s Specifications. 

23 Install the fuel lines. When tightening the fuel line-to-nozzle fittings, 
use Ford Fuel Line Wrench T83T-9396-A or equivalent. Tighten them to 
the torque listed in this Chapter's Specifications. 

24 Install the injection pump fitting adapter with a new O-ring. 

25 Thoroughly clean the injection pump elbow threads. Start the elbow 
into the pump adapter, then coat the threads with Ford Pipe Sealant 
D8AZ-19554-A or equivalent. i 

26 Tighten the elbow to a minimum of 6 ft-lb., then tighten further, if nec- 
essary, until the elbow aligns with the fuel inlet line on the pump. Do not 
exceed one full turn. 

27 Instalithe remaining components in the reverse order of removal. Re- 
fer to the Timing gears — removal, inspection and installation in this Chap- 
ter when installing the camshaft timing gear cover (pump adapter). 

28 If necessary, purge the injector lines of air by loosening the connec- 
tors atthe injectors one turn, then operate the starter until the bubbles stop 
flowing from the fitting. Tighten the fittings, then startthe engine and check 
for oil leaks. Warning: Avoid the high pressure fuel spray. Wear gloves 
and eye protection — fuel under pressure can penetrate skin. 

29 Check and adjust injection pump timing as described in the Section 
entitled /njection pump — timing. 


3.64 Ford tool no. T83T-9000-C injection pump rotating tool 
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3.65 The timing marks on the pump and the gear 
housing should be aligned 


Injection pump – repairs 

Thefuelinjection high pressure pumpis a precision instrument with ex- 
tremely small clearances and requires expensive equipment to test and 
calibrate it. Numerous special tools and procedures are necessary to ser- 
vice the pump and internal repairs should be performed by trained person- 
nel using the proper equipment. 

Check with your authorized Ford dealer or a Stanadyne Roosa-Master 
repair station for injection pump calibration and repairs. 


Injection pump — timing 
Note: 7he pump must be static-timed to get the engine running after as- 


sembly. Once the engine is assembled and running, the engine should be 
timed dynamically (with the engine running). 


Static timing 

1 Remove the fast idle bracket and solenoid from the injection pump 
(see illustration). 

2 Using Ford Injection Pump Mounting Wrench no. T86T-9000-C (see 
the injection pump removal procedure) or equivalent, slightly loosen the 
three nuts that attach the injection pump to the engine. 

3 Using Ford Pump Rotating Tool no. T83T-9000-C (or equivalent) (see 
illustration), turn the injection pump until the timing mark on the injection 
pump mounting flange aligns with the mark on the pump gear housing 
(see illustration) within 0.030 inch. 

4 Remove the tool and tighten the pump mounting nuts securely. Re- 
check the timing marks to verify they are still aligned. 

5 Installthefastidle bracket and solenoid and tighten the bolts securely. 


Dynamic timing 

Note: Diesel engines are very sensitive to slight changes in timing, and 
dynamic timing is more accurate than static timing. Although the dynamic 
timing procedure is not extremely difficult, the procedure requires several 
expensive tools. If you don't have ready access to these items, we recom- 
mend you take the vehicle to a dealer service department or diesel spe- 
cialist for dynamic timing. 


АА 
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3.66 Fuel hydrometer reading-to-cetane value conversion chart 


1 Obtain a fuel sample and check the cetane value using Ford Rotunda 

Tool no. 078-00121 supplied with Ford Rotunda Tool no. 078-00200 or 

equivalent (6.9L engines only). Cetane value is determined by measuring 

the specific gravity (desity) of the fuel with the fuel temperature between 

75 and 95-degrees F. Poor quality fuel can affect diesel engine perform- 

ance. Check the cetane value as follows: 

a) Fill the hydrometer container with fuel until the hydrometer floats. 
b) Gently spin the unit to break surface tension. Read the number at 

the lowest point of the fuel level in the hydrometer. Record the num- 
ber and refer to the cetane value conversion chart (see illustra- 
tion). 

2  Runthe engine to bring it up to normal operating temperature (192 to 

212-degrees F). Note: Temperature is critical to obtain accurate timing. 

3 Stop the engine and install a Dynamic Timing Meter (Ford Rotunda 

no. 078-00100 or equivalent for 6.9L engines, or no. 078-0020 for 7.3L en- 

gines), by placing the 

magnetic pickup in the hole on the timing pointer scale. Insert the pickup 

until it almost touches the vibration damper. Note: 7o ensure accurate 

readings, clean the damper and remove any rust. 

4  On6.9Lengines, disconnectthe glow plug from the number one cylin- 

der using Ford tool no. D83T-6002-A or equivalent. Install the luminosity 

probe and tighten it to 12 foot-Ibs. Install the photocell over the probe. 

5  On7.3Lengines, connect the clamp of the Timing Meter Adapter (no. 


Fuel Cetane Value 


38-42 
43-46 
47 or greater 


3.5 degrees ATDC 
2.5 degrees ATDC 
1.5 degrees ATDC 


078-00201, or equivalent) to the pressure line sensor on the injector 
nozzle (no. 1 on F-series, no. 4 on E-series). 

6 Connect the dynamic timing meter to the battery and dial in 20-de- 
grees of offset on the meter. Unplug the cold start advance solenoid con- 
nector from the solenoid terminal. Caution: Keep the wiring away from the 
drivebelts. 

7 With the transmission in Neutral and the rear wheels raised off the 
ground, start the engine. Using Ford Rotunda tool no. 014-00302 or equiv- 
alent, set engine speed to 1400 rpm (6.9L) or 2000 rpm (7.3L) with no ac- 
cessory load. Observe injection timing on dynamic timing meter. 

8 Using jumper wires, apply battery voltage to the cold start advance 
solenoid terminal to activate it. Note: Activating the cold start advance so- 
lenoid can result in engine speed increase. Adjust the throttle control to 
maintain 1400 rpm (6.9L) or 2000 (7.3L) (if necessary). 

9 Check the timing. The timing should be advanced at least 2.5-de- 
grees on 6.9L engines or 1-degree on 7.3L engines before the timing ob- 
tained in Step 7. If the advance is less than 2.5-degrees, replace the fuel 
injection pump top cover assembly. 

10 On6.9Lengines, ifthe dynamic timing is not within 2-degrees of spec- 
ification (see illustration), adjust the pump timing. On 7.3L engines, it 
should be 8.5-degrees BTDC (before top dead center), plus-or-minus 
2-degrees. 

11 Shutthe engine off and note the timing mark alignment. Remove the 
fast idle bracket and solenoid from the injection pump. Slightly loosen the 
injection pump mounting nuts with Ford tool no. T86T-9000-C or equiva- 
lent. 

12 Installthe pump rotating tool (Ford no. T83T-9000-C or equivalent) on 
the front of the injection pump. Rotate the pump clockwise (when viewed 
from the front) to retard the timing and counterclockwise to advance it. If 
necessary, tap the tool lightly with a soft-face hammer if the pump sticks. 
Note: Two degrees of dynamic timing is approximately 0.030 inch of tim- 
ing mark movement. 

13 Removethe rotating tool and tighten the pump mounting nuts secure- 
ly. Start the engine and recheck the timing. Repeat the procedure as nec- 
essary until timing is within one degree of Specification. 

14 Turnthe engine OFF and remove the test equipment. Install the glow 
plugs as described in the Electrical System portion of this Chapter. 

15 Run the engine and check for power and smoothness. 


4-68J ROO 4-68X ROO 


4.5 degrees ATDC 
3.5 degrees ATDC 
2.5 degrees ATDC 


*Installation or resetting tolerance for dynamic timing is + 1 degree. Service limit is + 2 degrees. 


3.67 Adjust the timing to the fuel cetane value (6.9L engines only) 


Idle speed — check and adjustment 


Warm engine idle speed adjustment 

1 Warm the engine up to normal operating temperature and shut it off. 
Set the parking brake and block the wheels to prevent the vehicle from 
moving. 

2 Remove the air cleaner. Caution: Do not drop anything into the air 
intake. : 

3 Connect a special diesel tachometer (Ford Rotunda 055-00108 or 
equivalent) to the engine. 

4  Ensurethatthe warm (curb) idle speed adjusting screw is against its 
stop (see illustration). If not, correct the throttle linkage as necessary. 
5 Start the engine in Neutral and measure idle speed. Compare the 
reading to that listed on the VEC! label under the hood. If the VECI label is 
missing, refer to the idle speed listed in.this Chapter's Specifications. 
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6 Set the idle speed (if necessary) by turning the adjusting screw (see 
illustration in Step 4). Turning the screw clockwise increases the idle 
speed and counterclockwise decreases it. Note: Some models have a 
locknut on the adjusting screw. 

7 Remove the tachometer and reinstall the air cleaner. 


Cold engine idle speed adjustment 

1 Warm the engine up to normal operating temperature and shut it off. 
Set the parking brake and block the wheels to prevent the vehicle from 
moving. 

2 Remove the air cleaner. Caution: Do not drop anything into the air 
intake. 

3 Connect a special diesel tachometer (Ford Rotunda 055-00108 or 
equivalent) to the engine. 

4 Ensure that the warm (curb) idle speed is adjusted properly as de- 
scribed above. 

5  Disconnect the wire from the cold (fast) idle speed solenoid. 

6  Usingajumperwire, apply battery voltage (+) to the solenoid terminal. 
Momentarily rev the engine to set the solenoid. 

7 Check the idle speed on the tachometer. Compare the reading to that 
listed in this Chapter's Specifications. Adjust as necessary by turning the 
solenoid plunger in or out. 

8 Recheck idle speed, then disconnect the tester and install the air 
cleaner. 


Electrical system 


General information and precautions 

The electrical requirements of diesel engines are quite different from 
gasoline engines. Diesels need extra current to operate the glow plugs 
and a heavy duty starter. But once the engine is running, very little power 
is needed by the engine. 

In order to provide the power for increased starting loads, dual batter- 
ies are installed on diesel powered models. The charging and starting sys- 
tems are basically the same as gasoline powered models, although the 
components are slightly larger. 

Always observe the following precautions when working on the electri- 
cal system: 

a) Be extremely careful when servicing devices with solid-state com- 
ponents. They are easily damaged if checked, connected or han- 
dled improperly. 

b) Never leave the ignition ON for long periods of time with the engine 
ОРЕ 

c) Always disconnect the negative cables first and connect them last 
or the battery may be shorted by the tool being used to loosen the 
clamp bolts. 


Glow plug system — diagnosis 
General information 

Ford diesel engines utilize an electrical glow plug system to pre-heat 
the air inside the pre-combustion chamber to aid in the starting of the en- 
gine. 

On 6.9 liter models through 1986, the system consists of eight glow 
plugs (one for each cylinder), a control switch, power relay and after glow 
relay. This includes a wait lamp latching relay, wait lamp and a wiring har- 
ness, which incorporates eight fusible links (one for each glow plug) lo- 
cated between the wiring harness and the glow plug terminals. The 
system is activated when the ignition switch is turned to the ON position. 

On 1987 6.9 liter models and all 7.3 liter models, the glow plug system 
consists of an engine-mounted solid state glow plug controller, a glow plug 
harness assembly and eight Positive Temperature Coefficient (PTC) glow 
plugs (one for each cylinder). The power relay is mounted above the elec- 
tronic contro! module and the entire unitis protected by a plastic cover. The 
whole assembly is located on the rear of the intake manifold. 

Operation of the glow plug system is completely automatic. Never by- 
pass the timed pulse function of the glow plug system. A constant 12 volts 


to the glow plugs will cause them to overheat and fail, possibly resulting 
in costly engine repair. 

If, after diagnosis procedures are followed, you determine that a com- 
ponent must be replaced, the glow plugs should be disconnected until the 
system has been re-checked with a test lamp for correct operation (as de- 
scribed later in this Section. 


Component description 


After-glow relay (pre-1987 6.9 liter only) — activated by the alternator af- 
ter the engine has started, this relay sends power to the glow plugs for a 
short time to reduce start-up smoke. 


Control Switch (pre-1987 6.9 liter only) — The control switch is located 
near the rear of the engine (see illustration). It senses the temperature of 
the engine coolant and determines the length of time that the glow plugs 
will be on. The length of time varies between 4 to 10 seconds. 


GLOW PLUG SYSTEM 


AS ы ^ Td SWITCH 
3.69 The control switch is located near the rear of the 
intake manifold 


Glow plugs – The glow plugs are designed to heat up extremely fast. 
When 12-volts are applied to the glow plug, rapid heating of the glow plug 
tip occurs, which in turn heats up the air inside the pre-chamber. As the fuel 
is injected into the pre-chamber, it is ignited. The rapid burning of the fuel 
forces it through the small opening in the pre-chamber into the cylinder 
where it mixes with more hot air and a second combustion takes place. To 
preventoverheating of the glow plug, a cycling device is used in the circuit. 
Note: /fthe tipis missing from a glow plug, the pump timing or fuel quality is 
probably incorrect. If the tip is distorted, the glow plugs are probably stay- 
ing on too long (see illustration). Glow plugs are not interchangeable be- 
tween the early and later model systems. 


Power relay (pre-1987 6.9 liter only) – The power relay (see illustration) 
controls the flow of battery voltage to the glow plugs. On most 6.9 liter en- 
gines, it is located near the battery on the right inner fender in the engine 
compartment. 


Solid state electronic glow plug controller (1987 and later models 
only) — Controls glow plug on-time by monitoring their resistance to deter- 
mine temperature and cycling the currentto the glow plugs. Located atthe 
rear of the intake manifold (see illustration). 


Wait lamp — Located in the instrumentcluster, this informs the driver when 
the glow plugs are hot enough for the engine to be started. The wait lamp 
will come on when the ignition switch is in the On position, only when the 
engine is below 165 degrees F. For a bulb check, the bulb will come on 
when the ignition switch is in the Start position. 


Wait lamp latching relay (pre-1987 6.9 liter only) — Controls wait lamp, 
and turns it On and Off. 


Wiring harness — Connects all components of the glow plug system. The 
harness (see illustration) incorporates eight fusible wires (one for each 
glow plug) as a safety device to protect against a direct short of the glow 
plugs. If a fusible wire should become damaged, it will be necessary to re- 
place the complete glow plug wiring harness. Note: The chassis wiring 
harness to the glow plug wiring harness (see illustrations) a/so incopo- 
rates two replaceable fusible links, one for each glow plug band. 
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3.70 Glow plug tips tell a lot 
about operating conditions 


DISTORTED 
TIP 


TIP 
"— € | 


TIP 
MISSING 


GLOW PLU 
HARNESS , ASSEMBLY 


GLOW PLUG 
CONTROLLER 
ASSEMBLY 


WAIT LAMP 
CONNECTOR 


3.71 The power relay is located on 
the right inner fender 
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3.73 1983 through 1986 glow зарад 
plug wiring harness 
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3.74 1983 through 1986 glow plug system electrical schematic 


3.76a Unplug the glow plug connector 
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3.75 Control switch electrical schematic 


1983 through 1986 6.9 liter engine glow plug 
system diagnosis 

When the ignition switch is turned to the On position, power flows 
through the ignition switch to pin three of the control switch. The power 
then flows through resistor R3, switch S2, pin No. 2 (to the latching relay), 
switches S1, S3 and pin 6 (to the power relay) (see illustration). 

While the glow plugs are heating, the resistance heater on switch #1 
is also being supplied voltage from the output terminal of the power relay. 
This starts heating the bi-metal spring on switch #1 and after about ten 
sconds on a cold engine the bi-metal spring is heated enough to cause 
switch #1 to open. This breaks the voltage supply to pin #6 and the power 
relay is deactivated. As soon as there is no voltage feedback from the glow 
plugs to heat the bi-metal spring on #1, the switch begins to cool and it 
closes again for a few seconds (with a cold engine). Voltage is again 
supplied by way of pin #6 to the input of the power relay which will cause 
the glow plugs to heat again and heat the resistor for switch #1, which 
would open again when it is hot enough. 

This is the cycling process of the glow plugs. The glow plugs help the 
engineto start quickly, and they continue to operate briefly after the engine 
starts to reduce white smoke. This cycling would continue indefinitely if it 


3.76b Connect a test light to the glow plug terminal 
(arrow) — glow plug removed for clarity 
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3.76c Using a deep socket, remove the glow plug 


was not for the after-glow signal from the alternator, received after the en- 
gine starts. This voltage signal starts heating the bi-metal spring on switch 
#3. After 20 to 90 seconds of receiving voltage, the bi-metal spring will 
have been heated enough to cause switch #3 to open and shut the glow 
plug system off. Note: /fthe problem is hard starting, follow the procedures 
for troubleshooting the glow plug system prior to troubleshooting the fuel 
system. 

The fast start glow plug system diagnostic procedure describes meth- 
ods for checking the operation of the glow plug system. Use of these pro- 
cedures will help in correcting problems. Results of one basic diagnostic 
test will direct you to one of six specific diagnostic procedures. 


Basic Diagnostic Test 

To test the glow plugs, unplug the electrical connector (see illustra- 
tion) and hook up a test light between a battery positive terminal and the 
terminal on the glow plug (see illustration). Caution: Whenever discon- 
necting the glow plug wires from the glow plugs, insulate them from con- 
tacting the engine and causing a possible short circuit. If the light comes 
on, the glow plug is OK. If the light fails to come on, replace the glow plug 
(see illustration). Tighten the glow plug to the torque listed in this Chap- 
ter's Specifications. 

To diagnose the glow plug system, connect a 12-volt test lamp be- 
tween the power relay output (to glow plugs) and ground (see illustra- 
tion). Check test lamp signals as follows: 


Engine cold, ignition switch ON, engine not started 

1 Test lamp will light when ignition switch is turned ON. 

2  Lampwill be lit for four to ten seconds (depending upon engine cool- 
ant temperature). 

3 Test lamp will then repeat ON-OFF cycle. 


After engine is started 
1 Test lamp continues to repeat ON-OFF cycle for 20 to 90 seconds. 
2 Lamp will cycle for a maximum of 90 seconds after engine is started. 


Engine stopped, then restarted 

1 Test lamp will light if coolant temperature at the engine temperature 
switch has fallen below 165-degrees F 

between starts. The system will operate for a shorter period of time than 
with a completely cold engine. 

2  Testlamp will remain off if coolant at the control switch probe is at 
165-degrees F or higher. 


Pinpoint diagnostic test 

Using the results of the basic diagnostic test, you can identify one of 
the six diagnostic procedures to resolve the problem. A basic test result 
is described at the start of each diagnostic procedure. Pick the procedure 
that best fits your basic test results. Then proceed with the particular tests. 
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3.77 Connect a test light between the glow plug output terminal 
and ground 


APPLY 12 VOLTS 
TO SIGNAL LEAD 


After completing a specific repair, repeat the basic diagnostic test to verify 
that the system is operating properly. 
1 Test lamp signal is correct 

a) Check voltage to each glow plug — Remove leads from glow plugs. 
Turn ignition switch to On (with the test lamp still connected to the 
power relay). Check voltage between each glow plug lead and 
ground: There should be 11-volts minimum at each lead whenever 
the test lamp lights. If voltage is not detected at any or all leads, 
check the fusible links, repair vehicle wiring harness or replace the 
glow plug harness. 
Check glow plug resistance — Turn the ignition switch Off. Using an 
ohmmeter, measure resistance between glow plug terminal and 
shell. Replace any glow plug with a reading of 2-ohms or more. 
Less than 2-ohms is OK. The glow plug system is functioning prop- 
erly if both tests check out correctly. 
2  Testlamp on continuously 

a) Isolate damaged component — Remove all leads from glow plugs 
before proceeding with this test. With the test lamp still connected 
to the power relay, turn ignition switch ON. DO NOT START THE 
ENGINE. Remove harness plug from control switch. If test lamp 
stays on, remove signal lead (lead from control switch) from power 
relay. If test lamp goes out, replace the glow plug wiring harness. 
If the test lamp stays on, replace the power relay. Caution: Do not 
attach leads to glow plugs until system has been rechecked for cor- 
rect operation. 
Check for damage to glow plugs and harness — Check the continu- 
ity of the fusible links in wiring harness. With the ignition switch 
OFF, check the continuity between each glow plug connector and 
power relay output terminal. If any reading is 1-ohm or more, re- 
place the wiring harness. Less than 1-ohm is OK. 
Check glow plug resistance — With the ignition switch Off, measure 
the resistance between the glow plug terminal and shell. Replace 
any glow plug where resistance is 2-ohms or higher. Less than 
2-ohms is OK. 
3 Lamp does not light 

a) This is normal and expected with a warm engine (at or above 165 
degrees F. If the engine is below normal operating temperature, 
turn the ignition Off. Wait five minutes, then turn the ignition ON 
again. Observe the monitor lamp. If the lamp still does not light, pro- 
ceed with this test. If the lamp now lights, go to step 5. 
Check the battery state of charge — If the battery will crank the en- 
gine, it will operate the glow plug system. 
Replace the fuse in the circuit from ignition switch to control switch 
— Retest the system. If the system still will not function, but the fuse 
did not blow, proceed to the next step. If the system will notfunction 
andthe replacement fuse blew, remove signal lead from the power 
relay, replace the fuse, and turn the ignition switch to ON. If the fuse 
does not blow — replace the power relay. If the fuse blows again, 
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3.78 Control switch connector pin no. 3 
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3.79 Chassis connector pin no. 3 
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3.80 Control switch connector pin no. 6 
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3.81 Chassis side connector pin no. 6 
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separate glow plug harness to chassis harness connector. Re- 
place the fuse, turn ignition ON. If the fuse blows, repair vehicle wir- 
ing. If the fuse does not blow, replace the glow plug wiring harness. 
Check battery power to power relay — ignition switch Off. Connect 
a voltmeter between the power relay battery terminal (input) and 
ground. If less than 11 volts is detected, repair the wiring between 
the battery and power relay. If 11 volts or greater is detected, check 
for power to the control switch (next step). 

Check power to control switch — With the ignition switch ON and 
the harness plug removed from the control switch, check the volt- 
age between pin-3 of the control switch connector (see illustra- 
tion), and ground. If a minimum of 11-volts is not detected, open 
glow plug harness-to-chassis connector and test for voltage at 
pin-3 on chassis side of connector (see illustration). If a reading 
of less than 11-volts is still detected, repair vehicle wiring. If 11-volts 
or greater is detected, replace the glow plug wiring harness. 

If 11-volts or greater is detected at the control switch, proceed to 
the next step. 

Check wiring harness continuity — With the harness leads at control 
switch disconnected, disconnect the power relay signal lead, and 
check continuity between the signal lead and pin six of the control 
switch connector (see illustration). 

Ifless than 1-ohm resistance is observed, proceed to the next step. 
If the resistance is 1-ohm or greater, separate the glow plug har- 
ness to chassis connector and check for continuity between chas- 
sis-side pin six (see illustration) and the power relay trigger lead. 
If reading is less than 1-ohm, replace the glow plug wiring harness. 
If reading is greater than 1-ohm, repair the vehicle wiring. 
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3.82 Checking power relay for short 


j) Check the power relay for a short — Disconnect all leads except 
ground to the power relay. Connect a voltmeter between the input 
and output terminals and apply 12-volts to the signal lead input ter- 
minal (see illustration). If voltage is detected by voltmeter, replace 
the power relay. If no voltage is detected, proceed to the next step. 
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3.83 Checking power relay function 


3.84 Control switch connector pin no. 1 


3.85 After-glow relay harness connector 


k) Check function of power relay — Disconnect all leads to the power 
relay except ground. Connect ohmmeter across input and output 
terminals of the power relay (see illustration). Apply battery volt- 
age to the signal lead input terminal of the power relay. If there is 
less than 1-ohm resistance, proceed to the next step. 

) If resistance is 1-ohm or greater, check ground leak or replace the 
power relay. 

m) Check after glow voltage – Remove the harness plug at the control 
switch and connect all leads to power relay. Turn the ignition switch 
ON - DO NOT START ENGINE. Check for voltage at the control 
switch harness plug pin one (see illustration). If no voltage is de- 
tected, replace the glow plug control switch. If voltage is detected, 
repair alternator or vehicle wiring and replace after glow relay, as 
necessary. 

4  Testlamp continues to cycle beyond the maximum of 90 seconds fol- 
lowing engine start 

a) Check after glow voltage — Remove harness plug at the control 
switch. Start engine and check for voltage at control switch harness 

b) Pull harness connector from after-glow relay — Turn the ignition 
switch Off. Disconnect wiring atthe after glow relay and check con- 
nector terminal #1 for ground (see illustration). If the ground is not 
OK, repair or replace wiring as required. If the ground is OK, turn 
the ignition switch to On and check for voltage at terminal #2. 11 
volts is the minimum acceptable reading. If the reading is less than 
11 volts, repair the wiring as required. If the voltage was a minimum 
of 11 volts, start the engine and check for voltage at terminal #3. 
The reading should be 6.5 to 7.5-volts. If it is not, repair the wiring 
or alternator as required. 

с) If the harness connector checks out OK, check for resistance be- 
tween harness connector terminal #4 and control switch terminal 
#1 (see illustration). If resistance is less than 1-ohm, replace the 
after-glow relay. If resistance is 1-ohm or greater, disconnect the 
chassis-to-engine glow plug harness connector, and check for re- 
sistance between terminal #1 óf the chassis connector and after- 
glow relay connector terminal #4 (see illustration). If resistance 
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3.86 After-glow relay harness connector pin no. 4 and 
control switch connector pin no. 1 
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3.87 After-glow relay harness connector ріп no. 4 and 
chassis connector pin no. 1 
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3.88 Control switch harness plug sockets no. 4 and 5 
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3.89 Latching relay harness connector 


А is less than 1-ohm, replace the glow plug harness. If itis 1-ohm or 
greater, repair the vehicle wiring. 
5  Testlamplights when ignition is first turned on, then goes off and stays 
off for an extended period of time. 

a) This is normal and expected with a partially-warmed engine (cool- 
anttemperature of 140-degrees F or above). If the engine is below 
140-degrees F turn the ignition OFF. Wait five minutes and turn ig- 
nition switch ON again. Observe the test lamp. If the lamp does not 
light, follow the troubleshooting procedure in Step No. 3. If the lamp 
does light, proceed to next step. 

Check wiring harness resistance — Disconnect harness plug at the 
control switch, and connectors at power relay and glow plugs. 
Check resistance between the control switch connector pin four 
(see illustration), and the power relay output terminal connector. 
If resistance is 1-ohm or greater, repair harness ground connec- 
tion, or replace harness as necessary. If resistance is less than 1 
ohm, proceed to next step. 

Check wait lamp latching relay resistance — Disconnect the har- 
ness connector at latching relay. Check resistance across termi- 
nals 1 and 2 of latching relay with red probe (+) on terminal 2 and 
black probe (-) on terminal 1. If less than 45 ohms, replace latching 
relay, and recheck system. If 45 ohms or greater, go to next Step. 
Check power relay resistance — Turn the ignition switch Off. Dis- 
connect the harness plug at control switch only. All other leads 
must be connected. Check the resistance between control switch 
connector pin 6 and ground. If the resistance is 2.5 ohms or more, 
proceed to next step. If the resistance is less than 2.5 ohms, re- 
place power relay. Recheck the system for proper operation. 

e) Check after glow voltage — Remove harness plug at the control 

Switch. Turn the ignition switch to On. Do not start engine. 

f) Check for voltage at harness plug pin 1. 

g) If voltage reading is 0, replace the control switch. 

h) The problem should be corrected. Recheck for proper operation. 

i) Ifvoltageis greater than 0 volts, separate the engine glow plug har- 
ness-to-chassis harness connector. Turn the ignition switch ON, do 
not start engine. Check for voltage on chassis side of connector at 
pin-1. 

j) If no voltage is detected, replace glow plug wiring harness. 

k) The problems should be corrected. Recheck for proper operation. 

) If voltage is detected, remove harness plug from after glow relay, 
and retest. 

m) If voltage is still detected, repair or replace faulty vehicle wiring be- 
tween after glow relay and glow plug wiring harness. 

n) If voltage is not detected, replace the after glow relay. 

о) The problems should be corrected. Recheck for proper operation. 

p) If voltage is detected, repair wiring to alternator or repair the alter- 
nator. 

q) If voltage is not detected, the problem is solved. Recheck the sys- 
tem for correct operation. 
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Wait-to-start lamp operation 


Norma! operation of wait lamp 

Waitlamp will not come on at all if coolant temperature at control switch 
probe is at or above 165-degrees. The wait lamp will come on when the 
ignition switch is in the start position, for a check of bulb function. 

If coolant temperature is low the Wait lamp will light when the ignition 
switch is turned ON. 

Lamp will remain lit for 4 to 10 seconds depending upon engine coolant 
temperature. 

Lamp will then remain off until ignition switch is turned OFF, then ON 
again. 

Check wait lamp operation — refer to the above description of normal 
operation of wait lamp. If the wait lamp operation is incorrect, check glow 
plug system operation using test lamp, as described previously. If improp- 
er test lamp signal is observed, troubleshoot and repair glow plug system, 
as previously described. If glow plug system operation is OK, but wait 
lamp operation is faulty, proceed to one of the following three tests. 

1 No wait lamp 

a) Check lit bulb — If bulb is damaged, replace and recheck wait lamp 

operation. If bulb is OK, proceed to the next step. 

b) Jump from harness at latching relay — Turn the ignition switch On. 
Disconnect the harness connector from latching relay. Place the 
jumper wire between harness connector pin 5 and ground. If lamp 
is not lit, repair wiring in circuit from ignition switch to wait lamp to 
latching relay. If lamp is lit, proceed to next step. 

Check latching relay ground circuit — Turn the ignition switch On. 
Disconnect the latching relay harness plug. Place the jumper wire 
between pins 3 and 5 in latching relay harness connector (see il- 
lustration). If wait lamp remains off, repair latching relay ground 
connection and retest. If wait lamp comes on, replace the latching 
relay and retest. i 

2  Waitlamp on whenever ignition switch in On 

a) Check for grounded lead betwen wait lamp and latching relay. Turn 
the ignition switch ON. Disconnect the harness connector at the 
latching relay. If the lamp remains on, repair ground in the wire be- 
tween the wait lamp and latching relay and retest. If lampis off, pro- 
ceed to next step. 

Check voltage to latching relay from control switch — Turn the igni- 
tion switch On. Disconnect harness connector at latching relay. 
With a voltmeter, check voltage between connector pin 2 and 
ground. If reading is 11-volts or more, proceed to the next step. If 
reading is less than 11 volts, turn ignition switch Off. Disconnect 
harness plug at control switch. Check the continuity between latch- 
ing relay connector plug pin 2 and control switch plug pin 2. If resis- 
tance reading is less than 1-ohm, replace the control switch and 
retest. If resistance is 1-ohm or higher, repair or replace wiring as 
necessary. Recheck the system for proper operation. 

Check continuity to ground at the latching relay harness socket — 
turn the ignition switch OFF. Disconnect the connector at the latch- 
ing relay. Check resistance between pin-1 and ground. lf resis- 
tance is 5-ohms or less, replace the latching relay and recheck for 
proper operation. If resistance is greater then 5 ohms, repair or re- 
place the wiring between the latching relay and power relay. CAU- 
TION: When working on glow plug system, be careful not to short 
out any components. 
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7.3 liter engine glow plug system diagnosis 

Glow Plug Continuity Check 

1 With the engine and ignition switch OFF, disconnect the wire from a 
glow plug. 

2 Connect a test light to the positive terminal оға battery and to a glow 
plug terminal (see illustration). 

3 If the test light goes ON, the glow plug is OK. 

4 ifthe test light doesn't go ON, replace the glow plug. 

5 Repeat this test for each glow plug. 


Wiring Harness Check 
1 With the engine and ignition switch OFF, disconnect the wire from the 
glow plugs. 
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3.90 Glow plug pinpoint test 
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3.91 Wiring harness check 3.92 Control unit ground test 


2  Removethe cover from the control module by squeezing the sides to- 
gether. GROUNDED 
3 Using an ohmmeter or continuity tester, check for continuity between EYEUET 
each glow plug lead and the test terminal (see illustration) on the control 
unit. Repair any open circuits as necessary. 

4 Reconnect the glow plug wires. 


Control unit ground test 
1 With the engine and ignition switch OFF, connect an ohmmeter to the 


ground wire terminal eyelet and to the ground terminal on a battery (see POWER 

: h TERMINAL 

illustration). 

2  |ftheresistanceis more than one ohm, clean or repair the ground con- 

nection. 

З If the resistance is more than one ohm, perform the supply voltage 

test. 

Supply voltage test A caution: 

1 м the 4, апа ignition switch OFF, connect а voltmeter to the DIRECT CONNECTION 
| TO BATTERIES 


control unit power terminal (see illustration). 
2  Ifthereisless than ten volts, repair the wiring or recharge the battery. 


3 If there is more than ten volts, go to /gnition switch voltage test. 3.93 Supply voltage test 


Chapter 3 Ford 6.9L and 7.3L V8 engines 


IGNITION 
TERMINAL 


3.94 Ignition switch voltage test 


TEST 
TERMINAL 


3.95 Control unit functional test 
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Ignition switch voltage test 

1  Connectthe voltmeter to the ignition terminal (see illustration) on the 
control unit and to ground. 

2 Тит the ignition switch ON, all accessories OFF. 

3 Ifthereis less than eight volts, check the fusible link, recharge the bat- 
tery or repair the wiring. 

4 If there is more than eight volts, go to the Contro! unit functional test. 


Control unit functional test 

1 Withthe engine andignition switch OFF, connecta test light to the test 
terminal on the control unit (see illustration). 

2 Have anassistant turn on the ignition switch. Compare the amount of 
time the test light stays on to the Test Light Chart (see illustration). Note: 
The Wait-to-start/test light may not come on if the engine temperature is at 
ornearnormaloperating temperature. Total test light ON time is measured 
from the beginning of the ON cycle to the end of the last ON-OFF cycle. 
3 Ifthe test light time is incorrect, disconnect the ground cables from the 
batteries and replace the control unit. 

4 Ifthe test light time is correct, the control unit is OK. 


Wait-to-Start lamp diagnosis 


Indicator stays illuminated 

1  Unplug the Wait-to-Start indicator connector at the control unit (see 
illustration). 

2 Turn ignition switch On. 

3 If the Wait-to-Start indicator goes off, disconnect the ground cables 
from the batteries and replace the control unit. 

4 Ifthe Wait-to-Start indicator stays on, trace and repair the wiring to the 
Wait-to-Start indicator. 


WAIT - TO-START 
INDICATOR CONNECTOR 


3.97 Wait-to-start indicator test (indicator illuminated) 


Indicator Does Not Illuminate 

1 Unplug the Wait-to-Start indicator connector at the control unit. 

2  Connectajumper wire from the harness side to ground (see illustra- 
tion). 

3  Turnthe ignition switch On. 

4 пе Wait-to-Start indicator stays off, replace the bulb or trace and 
repair the wiring. 

5# If the Wait-to-Start indicator illuminates, go to the Hard Starting 
checks. 


Indicator flashes rapidly 
1 This occurs often when two or more glow plugs are burned out. 
2  Testthe glow plugs for continuity and replace as necessary. 


Block heater — check and replacement 


Check 

The block (coolant) heater is located on the right (passenger's) side 
of the engine adjacent to where the oil dipstick tube enters the block (see 
illustration). The block heater wire should be routed forward to the radia- 
tor grille opening in such a way that the wire does not chafe or burn on the 
exhaust 

manifoid. Be sure the wire is secured at both ends to prevent it from 
being pulled out of place. 

Block heaters are designed to operate on 120-volts AC power. Check 
foravailable voltage before troubleshooting the block heater. A block heat- 
er can be tested in or out of the engine, however, the easiest method is 
with the unit in place. 


i Í 
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3.99 The block (coolant) heater plug is located low an 
the side of the engine block 


First, check the cord for continuity. Unplug both ends and test the wires 
with an ohmmeter or continuity tester. There are three separate wires — 
the center one is a ground and the two outer ones are "live". Look for dam- 
age such as opens and shorts, and replace the wire if necessary. 

If the wires are OK, connect an ohmmeter to the two terminals of the 
block heater. There should be a very low ohms reading (near zero). If the 
ohmmeter shows the 

heating element to be open (infinite ohms), replace the block heater. 

Ifthe previous checks indicate no problems, choose a double electrical 
outlet and plug a work light into it. Then plug the heater into the other side 

of the outlet. The light should dim slightly. If it does, current is flowing 
to the block heater. Check for heating by feeling near the block heater. If 
heat is given off, the unit is working. 

If the light does not dim and no heatis given off, replace the block heat- 
er. 


Replacement 

Warning: Allow the engine to cool completely before following this proce- 
dure. 

1 Drain the coolant (see the Maintenence portion of this Chapter). 

2  Unplug the power cord from the block heater. 

3  Loosenthe center screw (see illustration) and pull the block heater 
out of the engine. It may be necessary to push it to one side to clear the 
“tee” bar retainer. . 

4 Clean the sealing surfaces іп the engine block and install the block 
heater. Be sure the seal is intact and tighten the center bolt securely. 


3.100 Loosen the center screw, pull the heater out, then 
точе it sideways until the “Tee” bar clears the opening 


5 Connect the power cord. 

6 Refill and bleed the cooling system. 

7  Testthe block heater as described above. 

8 Run the engine and check for coolant leaks. 
Fuel heater 


General information 

An electric fuel heater is incorporated into the top of fuel filter assembly 
onlate models. When ambient temperatures drop below 30-degrees, it is 
designed to warm the fuel as it enters the filter to prevent clogging due to 
low temperature "jelling". 


Test 

1 Disconnect the electrical connector at the fuel heater (see illustra- 
tion). 

2  Holdatestlight probe to the female socket of the fuel heater harness 
wire and connect the test light wire to ground. 

3 Turn the ignition switch On and check for power. 

4 Ifthe test light comes on, the circuit to the heater is OK. 

5 If the test light doesn't come on, check the fusible link. 

6 If the fusible link is burned out, check the wiring and if the wiring is OK, 
replace the heating element. 

7 If the fusible link is OK, check and repair the wiring. 
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3.101 The electrical connector is located on the fuel filter header (driver's side of F-Series shown, E-Series similar 


8 With the temperature below 30-degrees, start the engine and place 
your hand on the top of the fuel filter housing. If there is voltage at the termi- 
nal (as tested above) and the heating element doesn't get warm, replace 
the element (see illustration 3.9c). 


Charging system — general information 
and precautions 


The charging system includes the alternator, an internal voltage regu- 
lator, a charge indicator, the batteries, fusible links and the wire between 
allthe components. The charging system suppliesslectrical power for the 
vehicle when the engine is running. The alternator is driven by a drivebelt 
at the front of the engine. Ww 

The purpose of the voltage regulator is to limit the alternator's voltage 
to apreset value. This prevents power surges, circuit overloads, etc., dur- 
ing peak voltage output. 

A fusible link is a short length of insulated wire integral with the engine 
compartment wiring harness. The link is smaller in diameter than the cir- 
cuit it protects. Production fusible links and their identification flags are 
identified by the flag color. See the owner's manual for additional informa- 
tion regarding fusible links. 

The charging system doesn't ordinarily require periodic maintenance. 
However, the drivebelt, batteries and wires and connections should be in- 
spected at the factory recommended intervals. 

The alternator warning light (if equipped) should come on when the ig- 
nition key is turned to Start, then go off immediately. If it remains on with 
the engine running, there's a malfunction in the charging system. Some 
vehicles are also equipped with a gauge. If the gauge indicates abnormally 
high or low output, check the charging system. 

Be very careful when making electrical circuit connections to protect 
the alternator and note the following: 


a) When reconnecting wires to the alternator from the batteries, be 

sure to note the polarity. 

b) Before using arc welding equipment on the vehicle, disconnect the 
wires from the alternator and the battery terminals. 

C) Never start the engine with a battery charger connected. 

d) Always disconnect the battery cables before using a battery char- 
ger. 

e) The alternator is turned by an engine drivebelt which could cause 
serious injury if your hands, hair or clothes become entangled in it 
with the engine running. 

f) Sincethe alternator is connected directly to the battery, it could arc 
or cause a fire if overloaded or shorted out. 

9) Wrap a plastic bag over the alternator and secure it with rubber 
bands before steam cleaning the engine. 


Charging system — check 

1 If a charging system malfunction occurs, don't immediately as- 
sume the alternator is causing the problem. First check the following 
items: 

a) Checkthe drivebelt tension and condition. Replace it if it's worn or 

deteriorated. 

b) Make sure the alternator mounting and adjustment bolts are tight. 

c) Inspect the alternator wiring harness and the connectors at the al- 
ternator and voltage regulator. They must be in good condition and 
tight. 
Check the fusible link (if equipped) located between the starter so- 
lenoid and the alternator. If it's burned, determine the cause, repair 
the circuit and replace the link (the engine won't start and/or the ac- 
cessories won't work if the fusible link blows). Sometimes a fusible 
link may look good, but still be bad. If in doubt, remove it and check 
for continuity. 


6 
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3.102 Remove the adjustment bolt (arrow) 


e) Start the engine and check the alternator for abnormal noises (a 
shrieking or squealing sound may indicate a bad bearing). 

f) Check the specific gravity of the battery electrolyte. If it’s low, 
charge the battery (doesn't apply to maintenance free batteries). 

g) Make sure the battery is fully charged (one bad cell in a battery can 
cause overcharging by the alternator). 

h) Disconnect the battery cables (negative first, then positive). In- 
spect the battery posts and the cable clamps for corrosion. Clean 
them thoroughly if necessary. Reconnect the cable to the negative 
terminal. 

i) With the key off, connect a test light between the negative battery 
post and the disconnected negative cable clamp. 

1) If the test light does not come on, reattach the clamp and 

proceed to the next step. 

2) Ifthetestlight comes on, there is a short (drain) in the electrical 
system of the vehicle. The short must be repaired before the 
charging system can be checked. 

3) Disconnect the alternator wiring harness. 

(a) If the light goes out, the alternator is bad. 

(b) If the light stays on, pull each fuse until the light goes out (this 

will tell you which component is shorted). 

2 Using a voltmeter, check the battery voltage with the engine off. It 
should be approximately 12-volts. 
3 Startthe engine and check the battery voltage again. It should now be 
approximately 14 to 15 Volts. 
4  Turnonthe headlights. The voltage should drop, and then come back 
up, if the charging system is working properly. 
5  |fthevoltagereadingis more than specified, replace the voltage regu- 
lator. If the voltage is less, the alternator diodes, stator or rectifier may be 
bad or the voltage regulator may be malfunctioning. 


Alternator — removal and installation 


1 Detachthe ground cables from the negative terminals of the batteries. 
2 Detach the wires from the alternator. 

3 Remove the adjustment bolt (see illustration), then remove the al- 
ternator drivebelt (see the Maintenence portion of this Chapter). 

4 Remove the lower mounting bolt and separate the alternator from the 
engine (see illustration). 

5  |fyou'rereplacing the alternator, take the old one with you when pur- 
chasing the replacement. Make sure the new/rebuilt unit looks identical to 
the old one. Look at the terminals — they should be the same in number, 
size and location as the terminals on the old alternator. Finally, look at the 


3.103 Remove the mounting bolt (arrow) 


identification numbers stamped into the housing or printed on a tag at- 
tachedto the housing. Make sure the numbers are the same on both alter- 
nators. 

6 Many new/rebuilt alternators DO NOT have a pulley installed, so you 
may have to switch the pulley from the old unit to the new/rebuilt one. 
When buying an alternator, find out the shop's policy regarding pulleys — 
some shops will perform this service free of charge. 

7 Installation is the reverse of removal. 

8 After the alternator is installed, check the drivebelt tension. 

9  Checkthe charging voltage to verify proper operation of the alterna- 
tor. 


Starting system – general information and precau- 
tions 


The sole function ofthe starting system is to turn over the engine quick- 
ly enough to allow it to start. 

The starting system consists of the batteries, the starter motor, the 
starter solenoid and the wires connecting them. 

The starter motor/solenoid assembly is installed on the lower part of 
the engine, next to the transmission bellhousing. = 

When the ignition key is turned to the Start position, the starter sole-- 
noid is actuated through the starter control circuit. The starter solenoid 
then connects the battery to the starter. The batteries supply the electrical 
energy to the starter motor, which does the actual work of cranking the en- 
gine. 

The starter motor on a vehicle equipped with a manual transmission 
can only be operated when the clutch pedal is depressed; the starter on 
a vehicle equipped with an automatic transmission can only be operated 
when the shift lever is in Park or Neutral. 

Always observe the following precautions when working on the start- 
ing system: 

a) Excessive cranking of the starter motor can overheat it and cause 
serious damage. Never operate the starter motor for more than 15 
seconds at a time without pausing to allow it to cool for at least two 
minutes. 

b) The starter is connected directly to the batteries and could arc or 
cause a fire if mishandled, overloaded or shorted out. 

c) Always detach the cable from the negative terminal of the batteries 
before working on the starting system. 


Starter motor — check 


1 If the starter motor doesn't turn at all when the switch is operated, 
make sure the shift lever is in Neutral or Park (automatic transmission) or 
the clutch pedal is depressed (manual transmission). 

2  Makesurethe batteries are charged and all cables, both at the battery 
and starter solenoid terminals, are clean and secure. 

3 Ifthe starter motor spins but the engine doesn't turn, the overrunning 
clutch in the starter motor is slipping and the starter motor must be rebuilt 
or replaced. 


3.104 Unplug the electrical connector from the fuel shut-off 
solenoid terminal (arrow) 


3.106 Remove the bolts (arrows) and remove the starter 


4 df, when the switch is actuated, the starter motor doesn't operate at all 
but the solenoid clicks, then the problem lies with either the batteries, the 
solenoid contacts or the starter motor itself (or the engine is seized). 

5  Ifthe solenoid plunger cannot be heard when the switch is actuated, 
either the batteries are bad, the fusible link is burned, the circuit is open or 
the solenoid is defective. 

6 To check the solenoid, connect a jumper wire between the battery (+) 
and the ignition switch wire terminal (the small terminal) on the solenoid. If 
the starter motor now operates, the solenoid is okay and the problem is in 
the ignition switch, neutral start switch or the wires. 

7 Ifthe starter motor still does not operate, remove the starter for disas- 
sembly, testing and repair. 

8 ће starter motor cranks the engine at an abnormally slow speed, 
first make sure the batteries are charged and all terminal connections are 
tight. If the engine is partially seized, or has the wrong viscosity oil in it, it'll 
crank slowly. 

9 un the engine until normal operating temperature is reached, then 
temporarily disconnect the wire from the fuel shut-off solenoid (see illus- 
tration) to prevent the engine from starting during the test. 

10 Connecta voltmeter positive lead to a positive battery post and con- 
nect the negative lead to the negative post. 

11 Cranktheengine and take the voltmeter readings as soon as a steady 
figure is indicated. Do not allow the starter motor to turn for more than 15 
seconds at atime. A reading of 9-volts or more, with the starter motor turn- 
ing at normal cranking speed, is normal. If the reading is 9-volts or more 
but the cranking speed is slow, the starter is faulty. If the reading is less 
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3.105 Working from below, disconnect the cable(s) from the 
starter solenoid (arrow) 


than 9-volts and the cranking speed is slow, the starter motor is bad orthe 
battery is discharged or the engine is tight. 


Starter motor — removal and installation 

1 Detach the cables from the negative terminals of the batteries. 

2  Blockthe rear wheels and apply the parking brake. Raise the front of 
the vehicle and support it securely on jackstands. 

3 Clearly label, then disconnect, the wires from the terminals on the 
starter motor solenoid (see illustration). 

4  Removethe mounting bolts and detach the starter (see illustration). 
5 Installation is the reverse of removal. Be sure to snug all the bolts 
while holding the starter in place and fully inserted into the pilot hole. 

6 Check the operation of the starter. 


Emission control systems 


General information 


Compared to gasoline engines, diesel engines produce very little car- 
bon monoxide and unburned hydrocarbons. Additionally, diesel fuel is not 
as volatile as gasoline; at normal ambient temperatures diesel fuel does 
not evaporate readily. Therefore, fewer emission controls are required on 
diesel powered vehicles. 

On the Ford diesel engines, internal modifications intended to de- 
crease emissions are included in the design. This reduces the need for ex- 
ternal add-on emission control devices. 

Because of a federally-mandated extended warranty which covers the 
emission control system, check with a dealer about warranty coverage be- 
fore working on any part of the system. Expensive items such as the injec- 
tion pump and injectors are among the components covered. Once the 
warranty has expired, you may wish to do the work yourself. 

A Vehicle Emissions Control Information (VECI) label is located in the 
engine compartment. This label contains important emissions specifica- 
tions and adjustment information, as well as an emission control system 
schematic diagram. When servicing the engine or emissions Systems, the 
VECI label should be checked for specific information on your vehicle. 


Crankcase Depression Regulator (CDR) 

Internal combustion engines produce a certain volume of crankcase 
vapors during operation. Combustion pressure forces a small percentage 
of the combustion gases past the piston rings and into the crankcase. 

The Crankcase Depression Regulator (CDR) routes crankcase va- 
pors (blow-by) from the top of the valley cover into the intake manifold for 
reburning. Itis a diaphragm-type pressure differential regulator that main- 
tains near-atmosheric pressure in the crankcase. 

Removal and installation 


1 On “F-Series” trucks, open the hood. On “E-Series” trucks, remove 
the engine cover. 


_ е ——— ————————————————__________ 
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3.107 Remove the mounting bolts (arrows) 


2 Remove the air cleaner and cover the air intake opening. 

3 Remove the two CDR valve mounting bolts (see illustration) and re- 
move the valve. 

4 Install a new seal ring and valley cover grommet (see illustration) 
onto the valve and position the valve onto the engine. 

5 Instali the two mounting bolts and tighten them securely. 

6  Removethecoverandinstalltheaircleaner and engine cover, if appli- 
cable. 


In-vehicle engine repairs 


General information 

This part of Chapter 3 is devoted to in-vehicle repair procedures for 
Ford V8 diesel engines. ‘All information concerning engine removal and 
installation and engine 

block and cylinder head overhaul can be found in Chapter 4. 

Since the repair procedures included in this Chapter are based on the 
assumption that the engine is still installed in the vehicle, if they are being 
used during a complete engine overhaul (with the engine already out of 
the vehicle and on a stand) many of the steps included here will not apply. 

The Specifications included in this Chapter apply only to the proce- 
dures found here. The specifications necessary for rebuilding the block 
and cylinder heads are included in Chapter 4. 

Ford diesel engines are naturally-aspirated (non-turbocharged), 
90-degree, overhead-valve V8s. Cylinder numbers 1, 3, 5 and 7 are onthe 
left (driver's side) bank; numbers 2, 4, 6 and 8 are on the right (passenger's 
side) bank. The number 1 cylinder is at the water pump end. Firing order 
is 1-2-7-3-4-5-6-8. 

The diesel V8 engines used in Ford light trucks come in displacements 
of 6.9 and 7.3 liters. Engines produced in model years 1983 through 1987 
displace 6.9 liters (420 cubic inches), 1988 and newer models displace 7.3 
liters (444 cubic inches). Almost all removal, inspection, installation and 
replacement procedures are the same for both models, with the excep- 
tions noted within this Chapter. 

Neither engine uses a carburetor or conventional gasoline-type fuel in- 
jection; they use a fuel system known as indirect injection (IDI). On a con- 
ventional gasoline engine, fuelis either drawn into the bore of a carburetor, 
or it's injected into a throttle body or directly into the intake port; on IDI- 
equipped diesels, fuel is injected indirectly into a pressurized "pre-com- 
bustion" chamber. There's no throttle valve — power and speed are 
controlled by the amount and timing of the injected fuel. Because there's 
no throttle valve, there's very little intake manifold vacuum, so both en- 
gines are equipped with a vacuum pump to operate vacuum controlled ac- 
cessories. 
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3.108 СПЯ valve – exploded view 


There are no spark plugs or high voltage ignition system. Diesel igni- 
tion occurs when the heat developed in the combustion chamber during 
compression ignites the injected fuel. In effect, the injection nozzles, 
which are calibrated to open at a specified fuel pressure, take the place 
of the spark plugs. 

Ford light truck diesel engines use two batteries, a heavy duty starter 
and “glow plugs” to speed up cold starts. Because diesel fuel must reach 
acertain temperature before it will ignite, diesel engines can take a little 
longer to fire up when they're cold, hence the extra battery and heavy duty 
starter motor to withstand the slightly longer cranking period. Glow plugs 
—smallresistor-like heating elements which protrude into the pre-combus- 
tion chambers — heat up the diesel fuel in the pre-combustion chamber un- 
til the cylinder temperature is high enough to sustain combustion. A 
sensor in the cooling system signals the glow plug controller how long to 
leave the glow plugs on, based on coolant temperature. 


Repair operations possible with the engine 
in the vehicle 


Many major repair operations can be accomplished without removing 
the engine from the vehicle. 

Clean the engine compartment and the exterior of the engine with 
some type of pressure washer before any work is done. A clean engine 
will make the job easier and will help keep dirt out of the internal areas of 
the engine. Caution: Due to the exact tolerances in the injection pump, 
never clean or wash the engine unless itis cold. Failure to do so could re- 
sult in damage to the injection pump. 

Depending on the components involved, it may be a good idea to re- 
move the hood to improve access to the engine as repairs are performed. 

If oil or coolant leaks develop, indicating a need for gasket or seal re- 
placement, the repairs can generally be made with the engine in the ve- 
hicle. The oil pan gasket, the cylinder head gaskets, intake and exhaust 
manifold gaskets, timing cover gaskets and the crankshaft oil seals are 
accessible with the engine in place. 

Exterior engine components, such as the water pump, the starter mo- 
tor, the alternator and the fuel injection components, as well as the intake 
and exhaust manifolds, canbe removed for repair with the engine in place. 

Since the cylinder heads can be removed without pulling the engine, 
valve component servicing can also be accomplished with the engine in 
the vehicle. 

Replacement of, repairs to or inspection of the timing chain and 
sprockets and the oil pump are all possible with the engine in place. 


Valve covers — removal and installation 
Removal! 


1 Disconnect the negative cables from the batteries. 
2 Remove the air cleaner assembly. 
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3.109 Valve cover bolt locations (arrows) 


POST 


POST 
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3.111 Rocker arm components - exploded view 


3  Detachany accessory components that are in the way of valve cover 
removal. If you are working on the passenger's side cover on an “F” series 
truck, remove the fuel filter. 

4 Remove the breather tube or CD valve. 

5 Remove the valve cover mounting bolts (see illustration). 

6 Remove the valve cover. On some models it may be necessary to 
raise the engine off its mounts slightly. Note: /f the cover is stuck to the 
head, bump the cover with a block of wood and a hammer to release it. If it 
Still will not come loose, try to slip a flexible putty knife between the head 
and cover to break the seal. Do not pry at the cover-to-head joint or dam- 
age to the sealing surface and cover flange will result and oil leaks will de- 
velop. 


Installation 

7 Тһе mating surfaces of each cylinder head and valve cover must be 
perfectly clean when the covers are installed. Use a gasket scraper to re- 
move alltraces of sealantor old gasket, then wipe the mating surfaces with 
acloth saturated with lacquerthinneror acetone. If there is sealantoroilon 
the mating surfaces when the cover is installed, oil leaks may develop. 
8 Make sure the threaded holes are clean. Run a tap into them to re- 
move corrosion and restore damaged threads. 

9 Mate the new gaskets to the covers before the covers are installed. 
Apply a thin coat of RTV sealant to the cover flange, then position the gas- 
ket inside the cover lip and allow the sealant to set up so the gasket ad- 
heres to the cover (if the sealant is not allowed to set, the gasket may fall 
out of the cover as it is installed on the engine). 

10 Carefully position the cover on the head and install the bolts. 
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3.110 Rocker arm details 


Front —> 


3.112 А perforated cardboard box can be used to store the 
pushrods to ensure that they are reinstalled in their original 
locations 


11 Tighten the nuts/bolts in three steps to the torque listed in this Chap- 
ter's Specifications. 

12 The remaining installation steps are the reverse of removal. 

13 Startthe engine and check carefully for oil leaks as the engine warms 
up. 


Rocker arms and pushrods — removal, inspection 
and installation 


Removal 

1  Referto the previous Section and detach the valve covers from the 
cylinder heads. 

2 Beginning at the front of one cylinder head, loosen and remove the 
rocker arm post bolts (see illustration). Store the parts separately in 
marked containers to ensure that they will be reinstalled in their original 
locations. 

3 Lift off the rocker arms, posts and post retainers (see illustration) 
and store them in the marked containers with the bolts (they must be rein- 
stalled in their original locations). 

4  Removethe pushrods and store them in order to make sure they will 
not get mixed up during installation (see illustration). 


Inspection 

5 Check each rocker arm for wear, cracks and other damage, especial- 
ly where the pushrods and valve stems contact the rocker arm faces. 

6 Make sure the hole at the pushrod end of each rocker arm is open. 
7  Checkeach rocker arm pivot area for wear, cracks and galling. If the 
rocker arms are worn or damaged, replace them with new ones and use 
new posts as well. 


CC err ee SSS 
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3.113 This is what the air hose adapter that threads into the 
spark plug hole looks like — they're commonly available from 
auto parts stores 


8 Inspect the pushrods for cracks and excessive wear at the ends. Roll 
each pushrod across a piece of plate glass to see if itis bent (if itwobbles, it 
is bent). 


Installation 

9 Lubricate the lower end of each pushrod with clean engine oil or moly- 
base grease and install them in their original locations. Install the copper- 
colored ends of the pushrods toward the rocker arms. Make sure each 
pushrod seats completely in the lifter socket. 

10 Apply moly-base grease (Ford no. DOAZ-19584-AA or equivalent) to 
the ends of the vaive stems and the upper ends of the pushrods before 
positioning the rocker arms. 

11 Setthe rocker arms in place, then install the posts and bolts. Apply 
moly-base grease to the contact surfaces to prevent damage to the mating 
surfaces before engine oil pressure builds up. 

12 Usinga socket and breaker bar on the vibration damper bolt, turn the 
crankshaft by hand until the timing mark is at the 11 o'clock position as 
viewed from the front of the engine. 

13 Install all of the rocker arms, posts and bolts and tighten them to the 
torque listed in this Chapter's Specifications. 

14 Install the remaining components in the reverse order of removal. 
15 Refertothe appropriate Section and install the valve covers. Start the 
engine, listen for unusual valve train noises and check for oil leaks at the 
valve cover joints. 


Valve springs, retainers and seals — replacement 
Note: Broken valve springs and defective valve stem seals can be re- 
placed without removing the cylinder head, providing damage to the valve 
or valve seat have not occurred. Two special tools and a compressed air 
source are normally required to perform this operation, so read through 
this Section carefully and rent or buy the tools before beginning the job. If 
compressed air is not available, a length of nylon rope can be used to keep 
the valves from falling into the cylinder during this procedure. 


1 Remove the valve cover from the affected cylinder head. If all of the 
valve stem seals are being replaced, remove both rocker arm covers. 

2  Removethe glow plug(s) from the cylinder(s) with the defective com- 
ponent(s), using Ford glow plug socket no. D83T-6002-A or equivalent. If 
all of the valve stem seals are being replaced, all of the glow plugs should 
be removed. 

3 Thread an adapter (from Ford Rotunda compression tester no. 
014-00701, or equivalent) into the glow plug hole and connect an air hose 
from a compressed air source to it (see illustration). Note: Some diese! 
cylinder compression gauges utilize a screw-in fitting that may work with 
your air hose quick-disconnect fitting. 


VALVE SPRING 
D COMPRESSOR 


3.114a Compress the valve spring with Ford tool 
T83T-6513-A or equivalent 


3.114b Use a valve spring compressor to compress the springs, 
then remove the keepers from the valve stem with a magnet or 
small needle-nose pliers 


4 Remove the bolt, lever post and rocker arm for the valve with the de- 
fective part and pull out the pushrod. If all ofthe valve stem seals are being 

replaced, all of the rocker arms and pushrods should be removed. Refer to 
the previous Section as necessary. 

5 Apply compressed air to the cylinder. The valves should be held in 
place by the air pressure. If the valve faces or seats are in poor condition, 
leaks may prevent the air pressure from retaining the valves, in this case 
remove the cylinder heads for repair. Caution: The crankshaft may turn 
when air pressure is applied. 

6 Stuff shop rags into the cylinder head holes above and below the 
valves to prevent parts and tools from falling into the engine, then use a 
valve spring compressor (Ford no. T83T-6513-A or equivalent) to com- 
press the spring/damper assembly (see illustration). Remove the keep- 
ers with a pair of small needle-nose pliers or a magnet (see illustration). 
Note: A couple of different types of tools are available for compressing the 
valve springs with the head in place. One type grips the lower spring coils 
and presses on the retainer as the knob is turned, while the type shown 
utilizes the rocker arm bolt for leverage. 

7 Remove the spring retainer and valve spring/damper assembly. 
Note: /t may be necessary to tap the valve stem end with a soft-face ham- 
mer to loosen the valve retainers. Remove the valve stem seal and valve 
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3.115 Valve components — cutaway view 
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3.117 ...then slip the valve seal into place 


rotator (see illustration). Note: /f air pressure fails to hold the valve in the 
closed position during this operation, the valve face or seat is probably 
damaged. If so, the cylinder head will have to be removed for additional 
repair operations. 

8 Wrap a rubber band or tape around the top of the valve stem so the 
valve will not fall into the combustion chamber, then release the air pres- 
sure. 

9  Inspectthe valve stem for damage. Rotate the valve in the guide and 
checkthe endfor eccentric movement, which would indicate that the valve 
is bent. 

10 Move the valve up-and-down in the guide and make sure it doesn't 
bind. If the valve stem binds, either the valve is bent or the guide is dam- 
aged. In either case, the head will have to be removed for repair. 

11 Inspect the rocker arm components for wear. Look for cracks and 
wear marks and grooves and replace as necessary. 

12 Reapply air pressure to the cylinder to retain the valve in the closed 
position, then remove the tape or rubber band from the valve stem. 

13 Lubricate the valve stem with engine oil and install the valve rotator. 
14 For the intake valves only, install valve seal guides (Ford no. 
T83T-6571-A, or equivalent) over the valve stems (see illustrations). Us 


RETAINER 


NYLON 
OIL SHIELD 


3.118 Apply pressure on the shield until it snaps into place 


ing Ford Valve Stem Seal Tool T83T-6571-A (or equivalent), press the 
seal into place gently by hand until it is fully seated on the guide. Remove 
the tool and seal guide. 

15 Install the nylon oil shield in the Spring retainer by applying pressure 
until it snaps into place (see illustration). Caution: The intake valve stem 
oil shield is much smaller than the exhaust shield; therefore they are not 
interchangeable. If the nylon oil shield is not properly installed in the valve 
Spring retainer, it will float and cause excessive oil consumption. 

16 Install the valve spring assembly in position over the valve. 

17 install the valve spring retainer and compress the valve spring as- 
sembly. 

18 Positionthe keepers inthe upper groove. Apply a small dab of grease 
to the inside of each keeper to hold it in place if necessary (see illustra- 
tion). Remove the pressure from the spring tool and make sure the keep- 
ers are seated. 

19 Disconnect the air hose and remove the adapter from the glow plug 
hole. Apply multi-purpose grease (Ford no. DOAZ-19584-AA, or equval- 
ent) to the tips of the valve stem and pushrods. 

20 Repeatthe above process for each valve, as needed. Refertothe ap- 
propriate Section and install the rocker arms and pushrods. 

21 Install the glow plugs using Ford socket no. D83T-6002-A or equiva- 
lent and tighten them to the torque listed in this Chapter's Specifications. 
22 Referto the appropriate Section and install the valve covers. 

23 Startandrunthe engine, then check for oil leaks and unusual sounds 
coming from the valve cover area. 
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3.119 Apply е small dab of grease to each keeper эз shown here 
before installation — it'll hold them in place am the valve stem xs 
the spring is released 
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3.120b Ой cooler installation details (E-series truck) 


Oil cooler — removal and installation 


Removal 

1 Disconnect the ground cables from the negative terminals of the bat- 
teries. 

2 Drain the cooling system. 

3 Remove the radiator fan shroud and engine cooling fan/clutch as- 
sembly. 

4  Blocktherear wheels to preventthe vehicle from rolling. Setthe park- 
ing brake and place the transmission in Park (automatic) or first gear 
(manual). 

5  Raisethe front of the vehicle and support it securely on jackstands. 
6 Drain the engine oil and remove the oil filter. Temporarily leave the 
drain plug out. 


“F-Series” trucks only 

7 Remove the driver's side engine mount-to-frame nut. 

8 Raise the driver's side of the engine slightly and insert a one-inch 
block of wood between the mount and frame. Use an overhead hoist or 
raise the engine from below using a floor jack with a large wood block to 
protect the oil pan. 


All models 
9 Remove the oil cooler mounting bolts and remove the oil cooler. 
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3.120a Typical oil cooler assembly — exploded view 
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3.120c Ой cooler installation details (F-Series truck) 
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3.120d Apply oil to the O-rings and install them carefully 


Installation 

10 Assemble the oil cooler with new gaskets and O-rings (see illustra- 
tion). Place the oil cooler into position on the engine and install the mount- 
ing bolts (see illustrations). Tighten the bolts to the torque listed in this 
Chapter's Specifications. Caution: All oil coolers use four O-rings — be 
sure to use ones designed for this application. The inner O-ring must be 
installed on the header (end piece), not on the bundle, to avoid cutting the 
inner O-ring during assembly (see illustration). 

11 Install the oil filter and drain plug. On "F-Series" trucks, remove the 
wood block from the engine mount and install the mounting nut. 


_________ _———————-————-—-—-— 
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3.121 Disconnect the fuel return lines and ground strap 


3.122 Intake manifold details — exploded view 
3  Endseal 


1 Intake manifold 
2 Valley pan 
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3.123 Apply a bead of RTV sealant as shown here 


12 Add engine oil as described in the maintenence portion of this Chap- 
ter. Prime the lubricating system by operating the starter motor with a re- 
mote starter switch. When the oil pressure gauge or light registers 
pressure, the system is primed. Caution: Using the dash-mounted "igni- 
tion” switch may cause the engine to start before oil has circulated. 

13 Refill and bleed the cooling system as described in the maintenence 
portion of this Chapter. 

14 Reinstall any remaining components in the reverse order of removal. 
15 Run the engine and check for oil and coolant leaks. 


Intake manifold and valley cover — removal 
and installation 


Removal 

1 Disconnectthe ground cables from the negative battery terminals. On 
E-Series trucks, remove the engine cover. 

2  Removethe air cleaner assembly and cover the opening with a cloth 
or Ford cover no. T83T-9424-A. 

3  Labelanddisconnect any fuel lines, wires and hoses from the vehicle 
to the intake manifold. On E-Series trucks, disconnect the fuel lines from 
the fuel filter and unbolt the fuel filter and bracket as an assembly. 

4  Removethefuelinjection pump as described previously in this Chap- 
ter. 

5  OnF-Seriestrucks, remove the fuel return hoses from both rear injec- 
tion nozzles (see illustration) and remove the return hose that goes to the 
fuel tank. 

6 Опа! models, remove the glow plug harness and controller and the 
engine wiring harness. Be sure to detach the ground cable from the rear of 


the cylinder head on the driver's side. 

7  Loosenthe manifold mounting bolts in 1/2-turn increments until they 
can be removed by hand. The manifold will probably be stuck to the cylin- 
der heads and force may be required to break the gasket seal. A pry bar 
can be positioned under a cast-in lug to pry up the manifold. Caution: Do 
not pry between the block and manifold or the heads and manifold or dam- 
ageto the gasket sealing surfaces may result and vacuum leaks could de- 
velop. | 

8  Removethecrankcase depression reduction tube as described in the 
Emission control portion of this Chapter. 

9  Removethe valley pan strap from the front of the engine. Note: Re- 
move the valley pan (see illustration) to replace the gasket or for access 
to the lifters. 

10 Remove the valley pan drain plug and remove the valley pan. 


Installation 

Note: The mating surfaces of the cylinder heads, block, valley pan and 
manifold must be perfectly clean when the components are installed. Gas- 
ket removal solvents in aerosol cans are available at most auto parts 
stores and may be helpful when removing old gasket material that is stuck 
to the mating surfaces. Be sure to follow the directions printed on the con- 
tainer. 


11 Use a gasket scraper to remove all traces of sealant and old gasket 
material, then wipe the mating surfaces with acloth saturated with lacquer 
thinner or acetone. If there is old sealantor oil onthe mating surfaces when 
the manifold is installed, oil or vacuum leaks may develop. Cover the lifter 
valley with shop rags to keep debris out of the engine. If necessary, use a 
vacuum cleaner to remove any gasket material that falls into the intake 
ports in the heads. 

12 Use a tap of the correct size to chase the threads in the bolt holes, 
then use compressed air (if available) to remove the debris from the holes. 
Warning: Wear safety glasses or a face shield to protect your eyes when 
using compressed air. 

13 Apply a 1/8-inch bead of RTV sealant (Ford no. D6AZ-19562-AA or 
equivalent) to each end of the cylinder block (see illustration). Caution: 
RTV sealant begins to cure in about 15 minutes — be sure to install the 
components before this occurs. 

14 Ifthe valley pan was removed, install it now along with the valley pan 
strapand drain plug and CDR valve (referto the appropriate Section inthis 
Chapter for CDR valve installation details). 

15 Extend the sealant bead 1/2-inch up each cylinder head to seal and 
retain the gaskets. Refer to the instructions with the gasket set for further 
information. 

16 Position the intake manifold gaskets on the cylinder heads. Make 
sure all intake port openings, coolant passage holes and bolt holes are 
aligned correctly. 
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LINE SEQUENCE 


(STEP NO. 2) 


STEP 1. TIGHTEN BOLTE TO 33 N-m (24 FT-L8) IN NUMBERED 
SEQUENCE HORNN ABOVE. 

ETEF 2. TIGHTEN BOLTE TO 33 N-m (24 FT-L8) IV LINE 
SEQUENCE SHOWN ABOVE. 


3.124 Intake manifold bolt tightening sequence 


3.126 Remove the manifold bolts (arrows) 


1 Exhaust manifold 2 Gasket 
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17 Carefully set the manifold in place. Do not disturb the gaskets and do 
not move the manifold fore-and-aft after it makes contact. 

18 Install the manifold bolts and tighten them to the torque listed in this 
Chapter's Specifications following the recommended sequence (see il- 
lustration). First tighten the bolts working side-to-side from the center 
out, then go around the perimeter as shown. 

19 Theremaining installation steps are the reverse of removal. Refer to 
the fuel system Section in this Chapter for information on purging air from 
the system. Start the engine and check carefully for oil, air and coolant 
leaks at the intake manifold joints. 


Exhaust manifolds — removal and installation 


Warning: Allow the engine to cool completely before following this proce- 
dure. 


Removal 

1 ‘Disconnect the ground cables from the negative terminals of the bat- 
tery. On E-Series trucks, remove the engine cover. 

2 Block the rear wheels and apply the parking brake. On manual trans- 
mission models, engage low gear. On automatics, engage Park. 

3 Raise the front of the vehicle and support it securely on jackstands. 


E-Series trucks — right (passenger’s) side only 

4 Remove the fan shroud from the radiator. 

5 Unbolt the dipstick tube(s) for the engine oil and automatic transmis- 
sion (if equipped) and remove the dipstick tube(s). 

6 Remove the nuts attaching the right front engine mount to the frame. 
7 Place awoodblock under the oil pan and raise the engine slightly with 
a floor jack until the fuel filter header contacts the body sheet metal. Place 
a wood block between the mount and frame and remove the jack. Warn- 
ing: Do notplace any part of your body where it could be crushed if the jack 
Slips. 
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LINE SEQUENCE 
START HERE 
(STEP NO. 2) 


3.127 Exhaust manifold bolt tightening sequence 


All models 

8 Disconnect the exhaust pipes from the exhaust manifolds (see illus- 
tration). Note: Often a short period of soaking with penetrating oil is nec- 
essary to remove frozen exhaust pipe attaching nuts. Use caution not to 
apply excessive force to frozen nuts, which could shear off the exhaust 
manifold studs. 

9 Remove the manifold mounting bolts (see illustration). 


Installation 

10 installation is basically the reverse of the removal procedure. Clean 
the manifold and head gasket surfaces of old gasket material, then install 
new gaskets. Do not use any gasket cement or sealer on exhaust system 
gaskets. 

11 Applyanti-seize compound to the bolt threads. Install all the manifold 
bolts and tighten them to the torque listed in this Chapter's Specifications 
in two steps. First, work from the center to the ends, then tighten them from 
the rear to the front (see illustration). 

12 Apply anti-seize compound to the exhaust manifold-to-exhaust pipe 
studs, and use a new exhaust “doughnut” gasket, if equipped. Install the 
pipes and tighten the nuts securely. 

13 Reinstall any remaining components. Lower the vehicle and recon- 
nect the batteries. Run the engine and check for exhaust leaks. On E-Ser- 
ies trucks, install the engine cover. 


Cylinder heads -removal and installation 

Removal 

Caution: Allow the engine to cool completely before following this proce- 
dure. 

1 Disconnect the ground cables from the negative battery terminals. 
2 Remove the engine cooling fan and shroud as described in the cool- 
ing system portion of this Chapter. Note that the cooling system must be 


___  __———————————-————-——- mMM 
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3.128 Attach lifting brackets and carefully lift the 
cylinder head (E-Series shown, F-Series similar 
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3.130 Cylinder head bolt tightening sequence 


ы 


drained to prevent coolant from getting into internal areas of the engine 
when the manifold and heads are removed. 

3 Remove the valve covers as described previously in this Chapter. 
4  Removetherockerarms and pushrods as described previously inthis 
Chapter. 

5  Labeland disconnect wiring and hoses as necessary. Then remove 
the alternator and vacuum pump and brackets — refer to the appropriate 
Sections in this Chapter. 

6 Disconnectand cap the fuel lines at the fuel filter, then remove the fuel 
injection pump, nozzles and glow plugs as described in the Fuel system 
and Electrical system portions of this Chapter. 

7 Remove the intake manifold as described previously in this Chapter. 
8  Detachthe exhaust manifolds as described previously in this Chap- 
ter. 

9  Loosen the head bolts in 1/4-turn increments until they can be re- 
moved by hand. Work from bolt-to-boltin a pattern that is the reverse of the 
tightening sequence. 

10 Attach lifting brackets (Ford no. T70P-6000 or equivalent) to the cylin- 
der heads. Connect a lifting sling to the brackets and a hoist, or use a bar 
and chain with an assistant. Lift the heads off the engine (see illustra- 
tion). If resistance is felt, do not pry between the head and block as dam- 
age to the mating surfaces will result; also avoid damaging the cylinder 
head locating dowels. To dislodge the head, place a block of wood against 
the end of it and strike the wood block with a hammer. Store the heads on 
blocks of wood to prevent damage to the gasket sealing surfaces. 

11 Cylinder head disassembly and inspection procedures are covered in 
detail in Chapter 4. 


3.129 А die should be used to ramnve sealant and corrosion 
from the head bolt threads prior to installation 


Installation 

12 The mating surfaces ofthe cylinder heads and block must be perfectly 
clean when the heads are installed. 

13 Use a gasket scraper to remove all traces of carbon and old gasket 
material, then wipe the mating surfaces with a cloth saturated with lacquer 
thinner or acetone. If there is oil on the mating surfaces when the heads 
are installed, the gaskets may not seal correctly and leaks may develop. 
When working on the block, cover the lifter valley with shop rags to keep 
debris out of the engine. Use a vacuum cleaner to remove any debris that 
falls into the cylinders. 

14 Checkthe block and head mating surfaces for nicks, deep scratches 
and other damage. If damage is slight, itcan be removed with emery cloth. 
If it is excessive, machining may be the only alternative. 

15 Use a tap of the correct size to chase the threads in the head bolt 
holes in the block. Mount each bolt in a vise and run a die down the threads 
to remove corrosion and restore the threads (see illustration). Dirt, corro- 
sion, sealant and damaged threads will affect torque readings. 

16 Position the new gaskets over the dowel pins in the block. Be sure the 
marking “This side up"is visible. Gaskets must be installed dry — don't use 
sealant. 

17 Carefully position the heads on the block without disturbing the gas- 
kets. Use care to prevent the pre-chambers from falling into the cylinder 
bores. 

18 Beforeinstalling the head bolts, coatthe threads, washers and under- 
sides of the bolt heads with a light coating of engine oil. Caution: Do not 
use anti-seize compound, grease, etc. 

19 Install the bolts and tighten them finger tight. Following the recom- 
mended sequence (see illustration), tighten the bolts to the torque listed 
in this Chapter's Specifications. 

20 The remaining installation steps are the reverse of removal. 


Vibration damper — removal and installation 


Removal 

1 Disconnect the ground cables from the negative terminals of the bat- 
teries. 

2  Removethefanshroudandengine cooling fan/clutch assembly (refer 
to the Cooling system portion of this Chapter). 

3 Remove the drivebelts. 

4 Block the rear wheels to prevent the vehicle from rolling. Set the park- 
ing brake and place the transmission in Park (automatic) or first gear 
(manual). 

5 Raise the front of the vehicle and support it securely on jackstands. 
6 Unboit the crankshaft pulley and remove it from the engine compart- 
ment. 
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3.131 Remove the mounting bolt and washer 
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3.133 Press the damper into place with a special tool 


7  Loosenthe vibration damper bolt (see illustration). If available, use 
Ford Crank/Cam Gear and Damper Remover T83T-6316-A or equivalent 
to hold the damper stationary. If you don't have access to one of these 
tools, remove the flywheel/driveplate inspection cover and wedge a 
screwdriver into the ring gear teeth. 

8  Usinga special puller (Ford no. T83T-6316-A or equivalent), remove 
the vibration damper (see illustration). A two-jaw puller can be used in- 
stead. 

9 Replace the crankshaft front oil seal (see next Section). 


Installation 

10 Lubricate the seal contact surface on the vibration damper with clean 
engine oil and guide the vibration damper onto the crankshaft. Be sure the 
key in the crankshaft is seated properly and align the keyway in the damp- 
er with the key. 

11 Usingaspecialinstallation tool (Ford no. T83T-6316-B or equivalent), 
press the vibration damper onto the crankshaft (see illustration) until itis 
fully seated. 

12 Apply RTV sealant (Ford no. D6AZ-19562-AA or equivalent) to the 
engine side of the washer, then install the vibration damper retaining bolt 
and washer into the crankshaft. 

13 Tighten the bolt to the torque listed in this Chapter's Specifications. 
14 Install the crankshaft pulley and bolts. Tighten the bolts to the torque 
listed inthis Chapter’s Specifications. 

15 Install the remaining components in the reverse order of removal. 
16 Run the engine and check for oil leaks. 


Crankshaft front oil seal – replacement 


Engine front cover in place - 
1 Remove the vibration damper as described previously. 
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3.132 Use the special Ford puller tool if available (if 
not, a two-jaw puller will work) 


T83T-6700-A 
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3.134 Installing the front crankshaft seal with a special tool 


2 Carefully pry the seal out of the cover with a seal removal tool or a 
large screwdriver. Be careful not to distort the cover or scratch the wall of 
the seal bore. 

3 Clean the bore to remove any old seal material and corrosion. Posi- 
tion the new seal in the bore with the spring side of the seal facing in. A 
small amount of oil applied to the outer edge of the new seal will make in- 
stallation easier. 

4  Forengines with three weldnuts on the front cover, place the new seal 
into the Front Crank Seal Replacer tool (Ford no. T83T-6700-A, or equiva- 
lent). Position the tool over the end of the crankshaft and attach the bridge 
to the weldnuts (see illustration). Press the seal into the front cover by 
rotating the center screw clockwise. Note: When the tool bottoms on the 
front cover, the seal depth is set automatically. If you don't have access to 
the special tool, drive the seal into the bore with a large socket and ham- 
mer until it's completely seated. Select a socket that has a slightly smaller 
outside diameter than that of the seal. 

5 For engines without three weldnuts on the front cover, position the 
seal into the Front Crank Seal Replacer (Ford no. T83T-6700-A or equiva- 
lent) and install the end onto the crankshaft. Using Crank/Cam Gear and 

Damper Replacer (Ford no. T83T6316-B or equivalent), tighten the nut 
against the washer and tool to force the seal into the front cover. Caution: 
Be careful to avoid bending the front cover and/or damaging the oil pan 
seal. 


E MÀ ——————————— 
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3.135 Press the old seal out 
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3.136 Press a new seal in 
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3.137 Make alignment dowels to guide the front cover 
into position 


3.138 Front cover components — exploded view 
1 Bracket 3 Gaskets 
2  Frontcover 4 Seals 


6 Clean the outer surface of the front engine cover and apply a 1/8-inch 
bead of RTV sealant (Ford no. D6AZ-19562-AA or equivalent) around the 
outside diameter of the front seal and the edge of the front cover. 

7 Lubricate the seal lips with engine oil and reinstall the vibration 
damper. 


Engine front cover removed 

8 Using an arbor press and special adapters (see illustration), press 
-~ the old seal out. Ifthe special tools are not available, use a punch and ham- 
mer to drive the seal out of the cover from the backside. Support the cover 
as Close to the seal bore as possible. Be careful not to distort the cover or 
scratch the wall of the seal bore. If the engine has accumulated a lot of 
miles, apply penetrating oil to the seal-to-cover joint on each side and al- 
low it to soak in before attempting to drive the seal out. 

9 Clean the bore to remove any old seal material and corrosion. Sup- 
portthe cover on blocks of wood and position the new seal in the bore with 
the open end of the seal facing in. A small amount of grease applied to the 
outer edge of the new seal will make installation easier. 

10 Install the new seal using Front Crank Seal Replacer (Ford no. 
T83T-6700-A or equivalent) with a spacer and press (see illustration). If 
the special tool is unavailable, drive the seal into the bore with a large 
socket and hammer until it is completely seated. Select a socket that has 
an outside diameterthatis slightly smaller than that of the seal (asection of 
pipe can be used if a socket is not available). 

11 Reinstall the engine front cover. 


Engine front cover — removal and installation 

Removal 

1 Disconnect the ground cables from the negative terminals of the bat- 
teries and from the front of the engine. 

2 Drain the cooling system (refer to the Maintenence portion of this 
Chapter). 

3 Remove the air cleaner assembly and cover the opening with a cloth. 
4 Remove the radiator fan shroud, engine cooling fan and water pump 
as described in the Cooling System portion of this Chapter. 

5 Remove the fuel injection pump and drive gear housing as detailed in 
the Fuel system portion of this Chapter. 

6 Remove the vibration damper as described previously in this Chapter. 
7 Remove the five bolts attaching the front cover to the engine block 
and oil pan. Lower the vehicle, if necessary, and remove the remaining 
bolts attaching the front cover to the engine block and remove the front 
cover. 

8 Replace the crankshaft front oil sealas describedinthe previous Sec- 
tion. 

9 Thoroughly clean all components and remove any traces of dirt, 
grease and old gasket material. 


Installation ln. 
10 Install fabricated alignment dowels (see ilustration) on the oil pan 
and engine block to aid in gasket alignment. Ж, 
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3.139 Apply sealant as shown here 


A ——————————— 


11 Apply athin film of RTV sealant and install the gaskets on the block. 
Apply a 1/4-inch bead of RTV tothe front edge ofthe oil pan and atthe front 
cover-to-oil pan joint (see illustrations). 

12 Install the front engine cover onto the oil pan dowels first and start the 
three bolts by hand. 

13 Install the water pump as described in the Cooling system portion of 
this Chapter and temporarily hand tighten the bolts. 

14 Remove any remaining alignment dowels, install and tighten the wa- 
ter pump and front cover bolts to the torque listed in this Chapter's Specifi- 
cations. 

15 Installthe remaining components in the reverse order of removal. Re- 
fer to the appropriate Sections in this Chapter for additional installation in- 
structions. 

16 Refilland bleed the cooling system as described in the Maintenance 
portion of this Chapter. Check all of the fluid levels, then start the engine 
and check for oil, coolant and fuel leaks. 


A ———————— 


Timing gears — inspection, removal and installation 


e ———————— 


Inspection — all timing gears 

1  Visually inspect the gears for chipped teeth and/or worn areas. Re- 
place as necessary. 

2  Tocheck gear backlash, install a dia! indicator and bracketry (Ford 
nos. D78P-4201-G and D78P-4201-F, or equivalents) on the engine block 
(see illustration). Check the backlash (play) at six different equally 
spacedpoints aroundthe gear. Hold the gear firmly againstthe block while 
measuring. Compare the results to the backlash listed in this Chapter's 
Specifications. Replace any gears that are worn beyond limits. 


Injection pump drive gear and cover 


Removal 
1 Remove the injection pump and glow plugs (refer to the Fuel system 
portion of this Chapter). 


DIAL INDICATOR 
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3.140 Measure gear backlash with a dial indicator 
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3.141 Unboli the cover and lift it eff 


INJECTION PUMP 
DRIVE GEAR 


CAMSHAFT 
DRIVE GEAR DY 


E 
LOCATION 


CRANKSHAFT 
DRIVE GEAR 


OIL PUMP 
DRIVE GEAR 


3.142 Align the timing marks as shown 


2  Removetheinjection pump drive gear cover, also known as an adapt- 
er housing (see illustration). 

3 Using a breaker bar and socket on the vibration damper bolt, turn the 
crankshaft clockwise until the number one cylinder is attop dead center on 
the compression stroke. When the crankshaft is positioned correctly, the 
injection pump drive gear dowel will be in the four o'clock position and the 
scribe line on the vibration damper should be at TDC. Also, the "Y" marks 
on the pump gear and camshaft gear should align with the "O" marks on 
the crankshaft and camshaft gears (see illustration). 
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3.144 Remove the camshaft drive gear with a puller 
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3.145 Remove the fuel pump cam with a pulier 


DETAIL: PULLER 
BEHIND SPACER 


THRUST 
3 FLANGE 
SPACER 


GEAR PULLER 
е2 fA TTIF-4220-B1 


GONSI T 
om di AS. ©; SZ. 
^ % = HA te, / 4 

Á Z3: w LA 


KA 
3.146 Remove the thrust flange spacer 
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4 Slide the injection pump gear back (don't remove) to expose the top of 
the camshaft gear when looking down into the cover. In addition to the “Y”, 
the gear teeth adjacent to the “Y” on the gear are permanently dyed. 

5 Remove the injection pump drive gear. Caution: Do not remove the 
gear unless the procedures described in Steps 3 and 4 are followed. Also, 
do not turn the crankshaft. 


Installation 

6 Thoroughly clean all components and remove any traces of dirt and 
grease and old gasket material. 

7 МИБ the scribe line on the vibration damper on TDC, position the in- 
jection pump drive gear with the locating dowel at the four o'clock position. 
Install the drive gear with the drawn line at the six o'clock position and align 
all the drive gear timing marks as shown previously in this Section. Cau- 
tion: Do not disturb the timing gears once they are in position. 

8 Apply a 1/8-inch bead of RTV sealant (Ford no.D6AZ-19562-AA or 
equivalent) along the bottom surface of the injection pump drive gear cov- 
er (adapter housing). Caution: /nstall the cover within 15 minutes, before 
the RTV hardens. 

9  Coatthebolts with sealing compound (Perfect Seal no. B5A-19554-A 
or equivalent), then install the injection pump drive gear cover. Tighten the 
bolts to the torque listed in this Chapter's Specifications. 


10 Install the injection pump and the remaining components in the re- 
verse order of removal. Refer to the appropriate Sections in this Chapter 
for further information. 

11 Run the engine and check for oil, coolant and fuel leaks. 


Camshaft drive gear 

Removal 

1 Remove the front engine cover as described in a previous Section. 
2 Remove the camshaft Allen screw and washer (see illustration). 

3 Remove the gear (see illustration), using Ford Crank/Cam Gear and 
Damper Remover T83T-6316-A or equivalent. 

4 Remove the mechanical fuel pump, if equipped (refer to the Fuel ys- 
tem portion of this Chapter). 

5 Using Ford Gear Puller T77F-4220-B1 or equivalent (see illustra- 
tions), remove the fuel pump cam and thrust flange spacer, if necessary. 
6 Remove the bolts attaching the thrust plate and remove the thrust 
plate, if necessary. 


Installation 


7 Install a new thrust plate, if removed, and tighten the bolts to the 
torque listed in this Chapter's Specifications. 


eee 
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3.147 Press the thrust flange spacer into position 
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3.148 Press the camshaft gear into place 
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3.149 Hold the crankshaft from turning and rotate the 
screw in the gear puller to remova the crankshaft gear 
(engine shown removed from vehicle) 


8 Inspect the fuel pump cam. If it is scored or otherwise damaged, re- 
place the cam and the fuel pump. 

9 Install the spacer and fuel pump cam onto the camshaft thrust flange 
(see illustration) using Ford Crank/Cam Gear and Damper Replacer 
T83T-6316-B or equivalent. 

10 Cleanand inspect the camshaft drive gear. Look for cracks and worn, 
chipped or missing teeth and replace as necessary. 

11 Install the camshaft drive gear against the fuel pump cam (see illus- 
tration), using Ford Crank/Cam Gear and Damper Replacer 
T83T-6316-B or equivalent. Align the timing mark with the mark on the 
crankshaft drive gear. 

12 Install the camshaft Allen screw and tighten it to the torque listed in 
this Chapter's Specifications. 

13 Install the remaining components in the reverse order of removal. 
Refer to the appropriate Sections in this Chapter for additional installation 
instructions. 

14 Run the engine and check for oil, coolant and fuel leaks. 


Crankshaft drive gear 


Removal 
1 Remove the engine front cover as described previously. 
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3.150 Press the crankshaft gear into place with the 
special tool 


2 Remove the crankshaft gear (see illustration), using Ford Crank/ 
Cam Gear and Damper Remover T83T-6316-A or equivalent). 


Installation 

3 Clean and inspect the crankshaft gear. Look for cracks, worn or 
chipped teeth and replace as necessary. 

4 Install the crankshaft drive gear, using Ford Crank/Cam Gear and 
Damper Replacer T83T-6316-B or equivalent (seeillustration). Align the 
crankshaft drive gear timing mark with the mark on the camshaft drive 
gear (see illustration 3.148). Note: The gear may be heated in an oven to 
350-degrees F to ease installation. 

5 Clean all components and remove any traces of old gasket material 
from the sealing surfaces. 

6 Replace the crankshaft front oil seal and install the front engine cover 
as described previously. 

7  |nstallthe remaining components in the reverse order of removal. Re- 
fertothe appropriate Sections in this Chapter for additional installation in- 
structions. 

8 Run the engine and check for oil, coolant and fuel leaks. 


Camshaft, bearings and lifters — removal, 
inspection and installation 
Removal 
1 Refer to the appropriate Sections and remove the fuel injection pump 


and adapter, intake manifold, engine front cover, fuel pump, valve covers, 
rocker arms and pushrods. 


3.151 Camshaft 
1 components – exploded view 
1 Bolt 6  Thrust plate 
2 Washer 7 Key 
3  Camshaft drive gear 8  Camshaft 
4  Fuelpump cam 9  Lifter 
5 Spacer 10 Риѕһгоа 


3.153 Measure the camshaft bearing journals 


2  Theradiatormustbe removedas well. Note: /f the vehicle is equipped 
with air conditioning it willbe necessary to remove the air conditioning con- 
denser to remove the camshaft. If the condenser must be removed the 
system must first be depressurized by a dealer service department or air 
conditioning shop. Do not disconnect any air conditioning lines until the 
system has been properly discharged. 

3 Remove the camshaft drive gear (see illustration), fuel pump cam, 
spacer and thrust plate. 

4 Before removing the lifters, arrange to store them in a clearly labeled 
box to ensure that they are reinstalled in their original locations. 

5 Remove the valve lifter retainer (see illustration). 

6 Remove the valve lifters. The lifters can be removed with a magnet or 
even with your fingers. Caution: Do not attempt to withdraw the camshatt 
with the lifters in place. Do not use pliers to remove the lifters unless you 
intend to replace them with new ones. The pliers may damage the preci- 
sion machined and hardened lifters, rendering them useless. 
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3.152 Remove the guide retainer 


1 Guide retainer 3 Lifter guide 


2 Lifter 


7 Store the lifters in order of removal where they will not get dirty. 

8 Thread a long bolt into the camshaft sprocket bolt hole to use as a 
handle when removing the camshaft from the block. 

9 Carefully pull the camshaft out. Support the cam near the block so the 
lobes do not nick or gouge the bearings as it is withdrawn. 


Inspection 

10 Afterthe camshaft has been removed from the engine, cleaned with 
solventand dried, inspect the bearing journals for uneven wear, pitting and 
evidence of seizure. If the journals are damaged, the bearing inserts in the 
block are probably damaged as well. Both the camshaft and bearings will 
have to be replaced. Replacement of the camshaft bearings requires spe- 
cialtools and techniques which place it beyond the scope ofthe home me- 
chanic. The block will have to be removed from the vehicle and takento an 
automotive machine shop for this procedure. 

11 Measurethe camshaft bearing inside diameter with a bore gauge and 
record the results. 

12 Measure the camshaft bearing journals with a micrometer to deter- 
mine if they are excessively worn or out-of-round and record the results 
(see illustration). 

13 Subtract the camshaft bearing journal outside diameter from the 
bearing inside diameter to obtain the actual bearing clearance. Compare 
the result to that listed in this Chapter's Specifications. 

14 Check the camshaft lobes for heat discoloration, score marks, 
chipped areas, pitting and uneven wear. If the lobes are in good condition 
and the bearing journals are within the specified limits, the camshaft can 
be reused. 

15 Clean the lifters with solvent and dry them thoroughly without mixing 
them up. 

16 Check each lifter wall and pushrod seat for scuffing, score marks and 
uneven wear. If the lifter walls are damaged or worn (which is not very like- 
ly), inspect the lifter bores in the engine block as well. If the pushrod seats 
are worn, check the pushrod ends. 

17 Check the rollers carefully for wear and damage and make sure they 
turn freely without excessive play (see illustration). 

18 Usedrollerlifters can be reinstalled with a new camshaft and the origi- 
nal camshaft can be used if new lifters are installed. 


Installation 

19 Lubricate the camshaft bearing journals with engine oil and the cam 
lobes with moly-base grease (Ford no. DOAZ-19584-AA or equivalent) or 
engine assembly lube (see illustration). 

20 Slide the camshaft into the engine. Support the cam near the block 
and be careful not to scrape or nick the bearings. 

21 Installa new camshaft thrust plate and tighten the bolts to the torque 
listed in this Chapter's Specifications. Be sure to lubricate the thrust plate 
with engine oil before assembly. 
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3.154 Check the lifter rollers for wear and damage 
(typical roller lifter shown) 


22 Tocheckcamshaft endplay, push the camshaft toward the rear of the 
engine. Mount a dial indicator, using Ford Bracket no. D78P-4201-F (or 
equivalent), so that the indicator point is on the camshaft gear attaching 
bolt (see illustration). Zero the dial indicator, then pull the camshaft for- 
ward with a screwdriver. Record the reading and compare it to the one 
listed in this Chapter's Specifications. 

23 Install the spacer and fuel pump cam against the camshaft thrust 
flange using Ford Crank/Cam Gear and Damper Replacer no. 
T83T-6316-B or equivalent. 

24 Installthe camshaft drive gear against the fuel ритр сат, aligning the 
timing mark with the mark on the crankshaft drive gear as described in the 
previous Section. 

25 Lubricate the lifters with clean engine oil and install them in the block. 
if the original lifters are being reinstalled, be sure to return them to their 
original locations. 

26 The remaining installation steps are the reverse of removal. 

27 Before starting and running the engine, change the oil and install a 
new oil filter. 


Oil pan — removal and installation 


Removal 

1  Disconnectthe ground cables from the negative terminals of the bat- 
teries. 

2  Blockthe rear wheels to preventthe vehicle from rolling. Set the park- 
ing brake and place the transmission in Park (automatic) or first gear 
(manual). Raise the vehicle and support it securely on jackstands. 

3 Drain the coolant and engine oil and remove the oil filter (see the 
Maintenence Section in the front of this Chapter). 

4 Remove the air cleaner and cover the air intake with a cloth. 

5 Remove the engine cooling fan as described in the Cooling system 
Section of this Chapter. Disconnect the lower radiator hose. 

6 Disconnect the power steering return hose at the pump. Plug the 
open ends to prevent contamination. Be sure to place a drain pan under- 
neath to catch any spills. 

7  Labelandthendisconnectthe wiring harnesses for the alternator and 
the fuel line heater at the alternator. 

8 Оп automatic transmission equipped models, disconnect and plug 
the transmission oil cooler lines from the radiator. Remove the transmis- 
sion filler tube. 

9  Onallmodelis, disconnect and plug the fuel line from the chassis to the 
fuel pump. Position the inlet line at the rear of the crossmember. 

10 Unbolt the exhaust pipes from the exhaust manifolds and lower the 
exhaust system. 

11 Remove the nuts and washers attaching the engine mounts to the 
front crossmember. 

12 Raise the engine until the transmission contacts the body. Place 
wood blocks between the mounts and frame to hold the engine ina raised 


zx m 


3.155 Lubricate the camshaft prior to assembly 
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3.156 Double-check camshaft endplay with a dial indicator 
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3.157a Remove the bolts around the perimeter of the oil 
pan (arrows) 


position. Use a 2 3/4-inch block on the left (driver's) side and a2-inch block 
on the right (passenger's) side. When the blocks are in place, lower the 
engine onto them. On F-Series trucks, use a sling and hoist to raise the 

engine. On E-Series trucks, use special lifting brackets (Ford Rotunda no. 
014-003120requivalent). Warning: Neverplace any partof your body un- 
der the engine where it could be crushed if the lifting device fails. 

13 Remove the lower bellhousing cover. 

14 Remove the oil pan bolts (see illustrations). 


8 
3.157b Oil pan – exploded view 
1  Oilpan 2 Gasket 
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3.158 Carefully pry the oil pan off (engine removed for clarity) 
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3.159a Use alignment dowels and apply sealant as shown 


15 On F-Series trucks, unbolt the oil pump and pickup tube and drop 
them in the oil pan. Remove the oil pan by inserting two screwdrivers 
through the crankcase dowel holes on the left (driver's) side of the engine 
and carefully pry the oil pan off (see illustration). Note: You may have to 
turn the crankshaft to allow the oil pan to clear the counterweights. 


Installation 

16 Thoroughly clean all components, including the mounting surfaces of 
the oil pan and engine block of old gasket material and sealer. 

17 On E-Series trucks, install the oil pump and pickup, if removed, and 
prime the pump with oil. 

18 OnF-Series trucks, place the oil pump and pickup into the oil pan. Po- 
sition the oil pan on the front crossmember and install the oil pump and 
pickup. 

19 Make two locating dowels and insert them into the block on opposite 
corners (see illustration). Apply a bead of RTV sealant to the oil pan seal- 
ing flange. Use a 1/8-inch bead on the sides and a 1/4-inch bead on the 
ends (see illustration). Lift the pan into position, then install the bolts fin- 
ger tight and remove the two locating dowels. Caution: Be careful not to 
disturb the sealant or oil leaks may occur. 

20 Starting at the ends and alternating from side-to-side towards the 
center, tighten the bolts to the torque listed in this Chapter’s Specifica- 
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3.159b Apply sealant as shown here 
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3.160 Oil pickup tube mounting details 


21 Theremainder of the installation procedure is the reverse of removal. 
Fill the pan with fresh oil, install a new oil filter, refill and bleed the cooling 
system, check the power steering fluid level and, on automatic transmis- 
sion equipped models, add transmission fluid as necessary. Start the en- 
gine and check for leaks before placing the vehicle back in service. 


Oil pump and pickup — removal and installation 

1 Removethe oil pan as described in the previous Section. On F-Series 
trucks, the oil pump and pickup (see illustration) are removed with the oil 
pan. Remove the bolts and lower the pump and pickup. 

2  OnE-Seriestrucks, unboltthe oil pickup tube and oil pump (see illus- 
tration) and lower them from the vehicle. 

3 Beforeinstallation, replace the gasket between the oil pump and pick- 
up. Then pour oil into the pump to assist in priming it upon startup. 

4 - Position the pump and engage the gear on the pump with the drive 
gear on the crankshaft. Install the mounting bolts and tighten them to the 
torque listed in this Chapter's Specifications. 

5 Install the oil pan as described in the previous Section. 


Flywheel/driveplate — removal and installation 


Removal 

1 Remove the transmission. On automatic transmission equipped ve- 
hicles, be sure the torque converter is removed with the transmission. If 
your vehicle has a manual transmission, the pressure plate and clutch 
must be removed. 

2 Jama large screwdriver into the starter ring gear to keep the crank- 
shaft from turning, then remove the mounting bolts (see illustration). 
Since it's fairly heavy, support the flywheel as the last bolt is removed. 
3 Pull straight back on the flywheel/driveplate to detach it from the 
crankshaft. 


3.161 Oil pump components — exploded view 
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3.162 Manual transmission flywheel components — 
exploded view 


Installation 

4 Installationis the reverse of removal. The driveplate must be mounted 
with the torque converter pads facing the transmission. Be sure to align 
the hole in the flywheel/driveplate with the dowel pin in the crankshaft. Use 
thread locking compound (Perfect Seal no. B5A-19554-A or equivalent) 
on the bolt threads and tighten them in a criss-cross pattern to the torque 
listed in this Chapter's Specifications. 

5  Installthe clutch assembly (manual transmission only) and the trans- 
mission. On automatictransmission equipped vehicles, be sure the torque 
converter is seated properly before tightening the bellhousing bolts. 

6 Add transmission fluid as needed, run the engine and check for oil 
leaks and proper transmission operation. 


Crankshaft rear oil seal — replacement 

1  Removetheflywheel/driveplate as described inthe previous Section. 
2 Remove the rear engine cover (see illustration). 

3  Carefully pry the seal out of the cover with a seal removal tool or a 
large screwdriver. Be careful not to distort the cover or scratch the wall of 
the seal bore. 

3  Thoroughly clean the rear engine cover and all gasket surfaces. Be 
sure to clean the seal bore to remove any old seal material and corrosion. 
4  Coattherearengine cover seal bore with Gasket and Trim Adhesive 
(Ford no. D7AZ-19B508-AA or equivalent). 
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3.163 Remove the bolts from the rear engine cover 
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3.164 Press out the old seal and press in a new one 
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3.165 Apply sealant sa shown here 


5  Positionthe new seal in the bore with the spring side of the seal facing 
in. Using an arbor press and Ford Rear Crankshaft Seal Replacer no. 
T83T-6701-A or equivalent, install the new seal (see illustration). If the 
special equipment is not available, take the rear engine cover to a Ford 
dealer or automotive machine shop for seal installation. Note: The seal 
must be installed from the engine block side, flush with the seal bore inner 
surface. 

6 Apply a 1/8-inch bead of RTV sealant around the outside diameter of 
the rear seal and edge of the rear cover. | 

7 Position a Rear Crankshaft Seal Pilot (Ford no. T83T-6701-B ог 
equivalent) onto the crankshaft. 

8 Apply Gasket and Trim Adhesive (Ford no. D7AZ-19B508-AA or 
equivalent) to the engine block and rear cover gasket surfaces. Position a 
new rear cover gasket to the engine block. 

9 Apply a 1/4-inch bead of RTV sealant (Ford no. D6AZ-19562-AA or 
equivalent) at the corners of the oil pan and on the oil pan sealing surface 
(see illustration). 

10 Position the rear cover on the engine and install the mounting bolts. 
Remove the Seal Pilot Tool and tighten the bolts to the torque listed in this 
Chapter's Specifications. 
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3.166a Typical F-Series truck engine mounts — exploded view 
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3.166b Don't overlook the nut (arrow) hidden in this pocket 
under the crossmember 


11 Install the flywheel/driveplate, clutch (if equipped) and transmission. 
12 Run the engine and check for oil leaks. 


Engine mounts — removal and installation 

Warning: DO NOT place any part of your body under the engine when itis 
supported only by a jack. 

1 Engine mounts seldom require attention, but broken or deteriorated 
mounts should be replaced immediately or the added strain placed on the 
driveline components may cause damage. 


Check 

2 During the check, the engine must be raised slightly to remove the 
weight from the mounts. 

3  Raisethe vehicle and supportit securely on jackstands, then position 
the jack under the engine oil pan. Place a large block of wood between the 
jack head and the oil pan, then carefully raise the engine just enough to 
take the weight off the mounts. 

4  Checkthe mounts to see if the rubber is cracked, hardened or sepa- 
rated from the metal plates. Sometimes the rubber will split right down the 
center. Rubber preservative may be applied to the mounts to slow deterio- 
ration. А 

5 Check for relative movement between the mount plates and the en- 
gine or frame (use a large screwdriver orpry bar to attempt to move the 
mounts). If movement is noted, lower the engine and tighten the mount 
fasteners. 
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Replacement — F-Series trucks 

6  Disconnectthe ground cables from the negative terminals of the bat- 
teries. 

7  Unbolt the fan shroud halves and set them aside. 

8  Blocktherear wheels and set the parking brake. Raise the front of the 
vehicle and support it securely on jackstands. 

9 Remove the nuts that attach the mounts to the crossmember (see il- 
lustrations). 

10 Disconnect the exhaust pipes at the exhaust manifolds. 

11 Remove the bolts attaching the mounts to the engine block. 

12 Lower the vehicle. 

13 Attach a lifting sling (Ford Rotunda no. 014-00312 or equivalent) to 
the engine and a hoist. Raise the engine slightly, then remove the mounts. 
14 Installation is the reverse of removal. Use thread locking compound 
on the mount bolts/nuts and be sure to tighten them securely. 


Replacement — E-Series trucks 

Warning: Therefrigerant lines are under high pressure — have the system 
discharged by an automotive air conditioning specialist before following 
this procedure. Look for a shop that recycles the refrigerant gases to re- 
duce environmental damage. 


15 Disconnectthe ground cables from the negative terminals of the bat- 
teries. 

16 Unbolt the fan shroud halves and set them aside. 

17 Removethe vacuum pump drivebelt (see the Maintenence portion of 
this Chapter). 

18 Remove the alternator and adjusting bracket (see the Electrical Sys- 
tem portion of this Chapter. 

19 On air conditioned models, remove the air conditionng compressor. 
Cap all open fittings. Warning: Be sure the refrigerant gas in the system 
has been discharged. Always wear eye protection as a precaution against 
residual pressure. 

20 Remove the engine cover. 

21 Remove the air cleaner and cover the intake with a cloth. 

22 Detachthe line from the fuel pump and fuel filter. Remove the fuel fil- 
ter-to-injection pump line and the fuel filter return line. Remove the fuel fil- 
ter assembly and bracket as a unit. Cap the open fittings. Refer to the Fuel 
system portion of this Chapter as necessary. 

23 Remove the kickdown rod from the injection pump. 

24 Blockthe rear wheels and set the parking brake. Raise the front of the 
vehicle and support it securely on jackstands. 

25 Disconnect the ground cables from the lower front of the engine. 
26 Remove the nuts from the engine mounts at the front crossmember 
(see illustration). 
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3.167 Typical E-Series truck engine mounts — exploded view 
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3.168 Remove the vacuum pump mounting bolts (arrows) 


27 Disconnect the transmission kickdown rod from the transmission. 
28 Lower the vehicle. 

29 Attach lifting brackets (Ford Rotunda no. 014-00312 or equivalent) to 
the engine. Using a crane-type engine hoist, lift the engine until it touches 
the body. 

30 Remove the engine mount and bracket assemblies. 

31 Installation is the reverse of removal. Use thread locking compound 
on the mount bolts/nuts and be sure to tighten them securely. 

32 Have the air conditioning system (if equipped) evacuated, charged 
and leak tested by the shop that discharged it. 


Vacuum pump — removal and installation 

1  Removethe drivebelt as described in the Maintenence portion of this 
Chapter. 

2  Unboltthe vacuum pump (see illustration). 

3 Detach the hose clamp and vacuum hose, then lift the pump from the 
engine compartment. 

4 Installation is the reverse of removal. Be sure to tighten the bolts se- 
curely and adjust the drivebelt as described in the Maintenence portion of 
this Chapter. 
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Specifications 


GM 5.7L V8 engines 


General 
Bore exe! SULA .. осоЕ 4.057 x 3.385 in 
Соте апо Saen оз 22153] 
ОТОС ОИУУ 380 to 390 PSI (warmed up) 
Аца) GIG on bence cascode) ONE OD COO JO DOMO сс 1-8-4-3-6-5-7-2 
Gene INS! sou Miele on oe Coen ee ОЕ Top Dead Center (TDC) 
Type of fuel 

Nowe BOSCO е P arc .........................--.... No. 2 Diesel 

Pele 2O-CRCNESG IF Еи. No. 1 Diesel 
Oil pressure (engine at operating pressure) 

Oe co sls ИА ВАЕНИ 7 psi 


ECONO „шз oe ek coe со ordrar е ere eect renee oie 30 psi 
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CYL #2 CYL #4 CYL #6 CYL #8 


GM diesel 


FUEL INJECTION cylinder arrangement 
PUMP 


CYL #1 CYL #2 CYL NE CYL #7 


Engine block 

ІБ ШЕШЕ -................................... 5.7L (350 CID) 

CMG ооа НОНРО 4.056 to 4.058 in 
Taper AN, .. 2 2 o's oie 6 tod IRATE PD T DITS TEST Not available 
ОШОО (exit! nato .................................... Not available 

[bises ооу ПО .................................... Not available 


Pistons and rings 


Е o .................................... 4.051 in 
Piston-to-bore clearance — selective fit 
22 ql SISK) ee een ee 0.0798 to 0.0808 in 
WES Shc (EVE? ...................................... 0.0810 to 0.0820 in 
Piston groove width 
TISPICOMPGOSSIONIGNG ................................. 0.0838 to 0.0840 in 
Bottom compression ring 
КООШО SES) о ............................... 0.0798 to 0.0808 in 
Wee eno EVs OR eyo oe ato NN DE EEETETETIITIDDD ILS 0.0810 to 0.0820 in 
ФО ГО ЕЕ О...  .........-....................... 0.1886 to 0.1896 in 
Piston ring-to-groove clearance 
TOPCOMP SIONN -................................ 0.005 to 0.007 in 
Воно ребе па .............................. 0.003 їо 0.005 іп 


Piston ring end gap 
Top compression ring 


[ISzeirorugbll9Bll ................................. 0.015 to 0.025 in 

WEE Unto} a) 16157. ...............................з 0.019 to 0.027 in 
Bottom compression ring 

ПОЛЕН ln 119/51] DM OE 0.015 to 0.025 in 

EEE ШИВ T LE 0.013 to 0.021 in 


Crankshaft and connecting rods 
Main journal 


DUE codes ot ШУ... жшше шшде ож. кешш Л 3.0003 to 2.9993 in 
Taper limit - maximum perinch ......................... Not available 
(CUPOLA O WIRE UE Ge c no ......:..-.......... DOSE 0.0005 in 
ТОЛЕ А, ООЛО НАКНЕН сс Not available 
Main bearing oil clearance 
Standard 
INowim2e3ranmdidiealindge- е 0.0005 to 0.0021 in 
NONOMEPM M ds уко Бол DEE M E ОКК TEE = 0.0020 to 0.0034 in 
SMCS MME Waters aac ole Manet oe seinen er ume МЕ Not available 


———————————————————————————————————Á——————————— 
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Connecting rod journal 


[DEC SUE 1 ЖИИ М, .......«-ъ-.......... 2.1248 to 2.1238 in 
Паре = їптах(тїтїрегїпсїї ......................... Not available 
@Ш ЕШ ОША flant Tee а. 0.0005 in 2n Da fa al Oy | hiin Library 
Connecting rod bearing oil clearance ойт тшне. e at 
Staudatie............. EE Л oos 0.0005 to 0.0026 in 1100 E а 
Senee imni ОИНИ Re eme Not available me do un 
Connecting rod side clearance (big end) Can Элал! ГА GAGN 
ОСОО SM Сы Уз у ete ce Soe 0.006 to 0.020 in Odi катай, ма JA 
SOCOM П о I e eee metum ee en Oe з Not available 
Crankshaft endplay 
Е т illoa о OH UIT ELE E oer ыл» 0.0035 to 0.0135 in 
zio rr ОТЕТ СОСЕ Not available 
Flywheel clutch face runout limit .......................... Not available 
t ГА 
Camshaft 
Bearing journal diameter 
Nes saarea ЛУО E Аа EE 2.0365 to 2.0357 in 
МҸ 02 КОО ОООО vC лока ESL О ЛЕ: 2.0165 to 2.0157 in 
INOS «oon ОО СМ зл ER DINE ID no E: 1.9965 to 1.9957 in 
IO C заь о с OQ CB E II LE. 1.9765 to 1.9757 in 
eu 2onocee ha OO Оо 1.9565 to 1.9557 in 
Bearing oil clearance 
“КОЧО ook 286 oh NO MIN OON IE OCTO DE: 0.0020 to 0.0058 in 
ЖОКИ С... зу... Е Not available 
[Б-КЕ О ОКЕ go лл ыу.» Жыз.» ono Not available 
соаг ЕРТЕНИНЕ. 0.011 to 0.017 in 


Cylinder heads and valve train 


HeadWarpagelimit ..........®Ж........................ 0.003 
Valve seat angle 
didus Жок коЛ КО ОООО LLL 2 DOR 45-degrees 
[HUE heosceooonUT ONE EREEIQQ viva aye ILL MEUS 31-degrees 
Valve seat width 
lunius ИРИРЕК о a ore creer DID SOME 0.075 to 0.098 in 
EUST eem СОС 0.037 to 0.075 in 
Vv erect mU ПОО m ree seco hmm rmm mne 0.003 in 
Valve face angle 
МО ООУ О D CON DELI зкен кт D DX 44-degrees 
IEW? omo МОО Да УЕ 30-degrees 
Уа тасө'!'шПӨШИШПИ ...............................—- Not available 
Minimunvelvearginwidili ............................. Not available 
Valve stem diameter 
ЗКО ае 0.3425 to 0.3432 in 
ЕО А оз ОЛКОСУ ЛК ЛУ Л К Е 0.3420 to 0.3427 in 
Valve'gülde diameter .................................. Not available 
Valve stem-to-guide clearance 
Intake 
ЭКОЛО fe es oboe ОООО Е 0.0010 to 0.0027 in 
Serve MA оо сосе Not available 
Exhaust 
ЭО УС. em o coo hoe Оо ос 0.0015 to 0.0032 in 
Srey (ess: ПОСЕВ о Not available 
Velas ae ecne ................................. 2.09 in 
Valveispringiinstalled height. ............................. Not available 
Valve spring under load 
GB i C5: 9,6, оо азаб ЧОО ОКОЛО ГЛ СОО OE 1.670 in 
ACO LW odBcssesoeosECO QN C NEED TL LOC 1.220 in 
Valve 'spnhnganside dime, ............................. 1.065 to 1.041 in 
Макел шеш mee О Hydraulic 
БИЕШ Ое ШОШ КЕШЛ ТЕТЕ" 7.718 in 
Torque specifications" Ft-lbs 
ОТЕТ 42 
Мат вайп ар BoRS 85... 120 
сб еШ К Е. 12 


Flywheel-to-torqueconverter ............................. 40 


€ —— M — a — —— — — M ————— — M 


4-4 Chapter 4 Engine overhaul procedures 


Torque specifications* (continued) Ft-Ibs 
Біў тееЕозсгапкспа esr rr SETTE 60 
Vac PUMP сав i 
Serer Ое ООЛ C ease OI OUS лес» оте S5 
Enginemount-totrame: Ее 50 
ЕПСО ООС 75 
Маго а рево У СЕ 200 їо 310 
ОО (о) Со То ЕЕ 30 

ЮЙ И И О Edere Res 10 

ӨЛ (ало о С о G5 
(ill 96ove nibo teme e E аы eis жету кєк» 10 


* Additional torque specifications can be found in Chapter 2 


GM 6.2L V8 engines 
General 
Бе Eme SIS ОК еен он 3.98 x 3.80 in. (101 x 97 mm) 
COMMOSSO ..................................... 21.5:1 
Ceimerassion ао О ОЕ 380 to 400 psi (warmed up) 
[Filme SUO „дала шеол Жесе ое 1-8-7-2-6-5-4-3 
сле QUATWSD о оосо ва ооо Top Dead Center (ТОС) 
Type of fuel 
ао РО eb SER е No. 2 Diesel 
20509707 ZO-GEGIEES Р .................................. No. 1 Diesel 
Oil pressure (engine at operating pressure) 
les аааз aa DS S 10 PSI 
COCOT „аваа Е 45 PSI 
Engine block 
ТЕШЕ рае mimi .................................... 6.2L (379 CID) 
Cylinder bore (1982 through 1986 **) 
Grece l.l Т ЛЛ ...........................- 3.97585 to 3.97635 in 
Quee [S 1, асло оо ОТОР 3.97635 to 3.97685 іп 
VIG О „ово НАНТ 3.97685 їо 3.97735 іп 
(Саа Б оаа оТ е 3.97735 to 3.97785 іп 
GGG od оа озвоозосо ON И E A 3.97785 to 3.97835 in 
Стао Е „оса hig dd оо СОНАН 3.97835 to 3.97885 in 
Cylinder bore (1987 and later **) 
(Crake © t aodai Л УУУУ ocean nace ee DU 3.9768 to 3.9773 in 
кла ID „ассо pote URE CII Cea ace „9 3.9773 to 3.9778 іп 
(Graal [Е iosscadusesc Nt OE уш» 3.9778 to 3.9783 іп 
С A овоон НООТ 3.9788 їо 3.9793 іп 
Tapar m PMNS Teh spc. cic aie ve E LL 0.0008 in 
(Оет) [lint КУ. ....-.....................--...... 0.0008 in 
а а а ЕИ. .......................»........... Not available 


“Note: Cylinder bores numbers 7 and 8 are marked one size class smaller than actual size i.e. a bore measuring "B" class is stamped "A" class 


| Pistons and rings 
Piston diameter (1982 through 1986) 


Grade A 

[SIG „ее алда t REC C DIL EESTI 3.9719 to 3.9724 in 

COE "озсо ОРН 3.9709 to 3.9719 in 
Grade B 

[EO iooocquc NN Guo pare И 3.9724 to 3.9729 in 

ZG std NU D C К КОК ОГГЕ D LEO 3.9719 to 3.9720 in 
Grade C 

o жоло ОООО С ОЛСЕ 3.9729 to 3.9734 in 

И ШОШ К УШ TID ОНИЕ АНЕ 3.9720 to 3.9725 in 
Grade D 

[EIN опоо IEEE О А DET 3.9734 to 3.9739 in 

JO. smEeesaccotep t ttt ERR OO OO TES 3.9725 to 3.9730 in 
Grade E 

OW o debe wees Av оо оо Е САА. 3.97389 to 3.9744 in 

КОШСО ОЛО О nth 0 REDE TQ COP USOS 3.9730 to 3.9735 in 
Grade G 

EG о РИ 3.9744 to 3.9749 in 

CM “И ЧА RET ООЛО A a EE eso a NEED 3.9735 to 3.9740 in 


Б 
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Piston diameter (1987 and later) 


Сашо оао  -..............-з--..5..-..... 3.9729 to 3.9734 in 
Са оо РРР 3.9734 їо 3.9739 іп 
Се ООЛУ она асс ао 3.9739 їо 3.9744 іп 
(Сао ЕЛИ etico а оа ЧССР 3.9749 їо 3.9754 іп 


Piston-to-bore clearance — selective fit 
Bohn pistons (1982 through 1986) 


Сеи то ss cece cee rhUSDSUSSeSTE 0.0035 to 0.0045 in 
(Olli Sd Guile. Gees besos ..-..2.,.%е 4%... 0.0040 to 0.0050 in 
Zollner pistons (1982 through 1986) 
УЧОО ИШӘ ВЗВ З ЗУТ 0.0044 їо 0.0054 іп 
(СОИ ПОК Н 0.0049 to 0.0059 in 
1987 and later 
GS ylmeersm tHEOUBIOR. ИС 0.0050 in maximum clearance 
Caines аЗ sese re SIEUT 0.0055 in maximum clearance 
Piston groove width ............. КОЛОКОЛ УОЛА T E y Dom Not available 
туо с. Ge co оо КУГО Not available 
Piston ring-to-groove clearance 
NIGQDICGMPLESSIOMMING ................................. 0.0030 to 0.0070 in 
BOnOMMICOMPESSIONMING ............-................. 0.0015 to 0.0031 in 
OW Genial Wine) 2:5 ЕВЕРЕСТ 0.0016 to 0.0038 in 
ое [ilo Ж ЖИЕ S sc оао Dp DO ore 0.0010 in 
Piston ring end gap 
TOOICOMPICESION TING, eee m mI ee e ene ens 0.0118 to 0.0216 in 
BottomicoITIDIession NING .............................. 0.0295 to 0.0394 in 
СОСТОИ Se КО 0.0098 to 0.0201 in 
ИШ ОСОЛ. ооа a a a to „4 оох 0.0010 in 


Crankshaft and connecting rod 
Main journal 


Diameter 
А 0 АИ o aa mnm fis wie ene 2.9495 to 2.9504 in 
(ау, ар р 2.9492 to 2.9502 іп 
Taper limit – maximum perinch ......................... 0.0002 in 
(Gufcti-menme Uil ................................... 0.0002 in 
Е т Ы Р OL DLL %ЕВ Not available 
Main bearing oil clearance 
Standard 
Мая 29 зхапа Баала... 0.0018 їо 0.0033 іп 
oer. mo аеннан s 0.0022 to 0.0037 іп 
ета ПОЧЕ ОООО Н OU CET LLLI des Not available 
Connecting rod journal 
[Eri РОНЕ 2.3982 to 2.3991 in 
Taper limit - maximum perinch ......................... 0.0002 in 
Otf-cC EG .................................... 0.0002 in 
Connecting rod bearing oil clearance 
omoro. mE 0.0018 to 0.0039 in 
рта n? В соч ЖОООК e aa Not available 
Connecting rod side clearance (big end) 
CIO нн ОО. ME e Rer menm ere 0.006 to 0.025 in 
Gervie [imi салво С Not available 
Crankshaft endplay 
сло В. NOLO SO IDOL LLL DUE IUE 0.0040 to 0.0100 in 
Ceper [fast Weite oe осоЕ Not available 
Flywheel clutch face runout тії .......................... Not available 
Camshaft 
Bearing journal diameter 
Ni, ИАА 5065000 OUO IDEE 2.1641 to 2.1663 in 
Мо 00 ТОБО Glan oo И NISI E REEL ELE 2.0067 to 2.0088 in 
Bearing oil clearance 
аа оаа nae T TERCIO 0.0010 to 0.0046 in 
Gervilas Timi? son cos 8 nou) БОССА Not available 
Lobe lift 
ligGe 4e al aenditeeates a's in аа лл йо eee ee S 0.2808 in 
[ent SS КЕКЕК с. oa ПОРЕ 0.2808 in 
= ЗОРИИ СТРЕСС 0.002 to 0.012 in 
Timing chain freeplay 
КЕЕН esosuesccogOQUODND TOO DEL IEEE. 0.500 in 


[fee Ae) oo. samo 0d 050 OU a a COTES LS 0.800 in 


„шш _——_—_-—.—————————— 
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Cylinder heads and valve train 


InGeel WEIDECO 7 0.003 
Valve seat angle 
MEMS ыу een eran Ose Оаза зт 46-degrees 
ЕТЕШ О ХЫ; DE ea cnet о ае 46-degrees 
Valve seat width 
MAKE son on os ong ВОВУ NOD COM Ten 0.035 to 0.060 in 
EENE шый E О КОККЕ КЕ EIE ocn 0.062 to 0.093 in 
Улу  ӨайїШтөш NB «rorem mee ree een mere rece es 0.002 in 
Valve face angle 
[Ше NA cosi ТО AraC... iar л Sce 45-degrees 
[ed lusso к ork cic, © ic. cad Л ЕЕЕ 45-degrees 
Valvesfaceantinoutilimit ..........................-.-...... Not available 
Minimum Ма елка ат width .............................. Not available 
Valve stem diameter 
ШАКЕ с occa ona Heke cl ot ee T TERIS ERE So 0.3410 to 0.3417 in 
ЕОР ...............................- 0.3715 to 0.3722 in 
Valve guide diameter 
ШЕ ЕИ КЕ ГЫ ОРНЕК 2 0.3427 to 0.3437 in 
ЕЕ РОА ОЬ а ое 0.3732 to 0.3742 іп 
Valve stem-to-guide clearance 
Intake 
араат rcc .,у,......›....... э a 0.0010 to 0.0027 in 
SMU COM IMMUN. ct eee ay KEETEREESESEER T 15- Not available 
Exhaust 
КООШ. ................................, tone 0.0010 to 0.0027 in 
Semen limi оао соо C EESTI TD Not available 
velve sgine еей! e 2.09 in 
Valve spring installed height ............................. 1.81 in 
Valve spring under load 
О Бооз NU EET ОССО ОР 1.81 in 
COLE. -cconcssbnoOR OT ODD OON IE ODD TUO 1.39 in 
Willis ee e .._................................... Hydraulic 
РЕЗА ою ................................. 0.004 тахітит 
Torque specifications* Ft-lbs 
БЕШ edem beto ...................................... 25 to 35 
a Л) Ха .................................... 44 to 52 
Main bearing cap bolts 
Is aaa ae POR a Е. 104 to 118 
OUS азоо асо т 93 їо 107 
ОЛ DG. on О ....................... Е 12 
Flywheei-to-torque converter ............................. 40 
Ilse ЕО ГАК .................................. 60 
Magiimipumelisiamplbolt ................................ i 
Sct OM ео ТРО 35 
ЕБ Ne MOUNRO TAME ................................. 50 
ЕШШ О ОСКЕ ааа T5 
VANETAT OENE БОГ ................................... 200 to 310 
(OW! pein СЕЙ ko aana ЗЕВС 30 
О Т Вз оос оо УИ 10 
Шаа (бо їп rear} ................................ 20 
(OW jeu ttes are КЕ И 35 
ОЕМ Вее ...............„................... 10 


* Additional torque specifications can be found in Chapter 2 


Ford 6.9L V8 engine 


General 
ВОТ LOL К ...........................-...4..› 4.00 x 4.18 in. 
COUPES HS Be ee eee eee s 20.7:1 
ООШ ООО И О T a ae eee ees een EL 260 to 440 psi 
LEGIS) cir Siem ie Е rci 1-2-7-3-4-5-6-8 
Type of fuel 
АБИ ОЗН шее; F .............................%...- Мо. 2 Diesel 
Ве эе СӨ б С s. эел cUm a No. 1 Diesel 


———— ——— LLL = ——————— 
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Oil pressure (engine at operating pressure) 
1983 through 1985 


ОА ТИТЕ ОО Ол 40 to 60 PSI 
1986 and later 
1000) GO ОЕ o aa УУ хл. аин: шш кшт: 40 to 70 PSI 
—— 
CYLINDER 7 @ 
— 2 Ford diesel cylinder arrangement 
ГА 
CYLINDER 3 
CYLINDER 1 
ELBOW AT PUMP 
L ] CLIP AND HOSE 
ШОЕ 
€ ENGINE E». 
Engine block 
BistopdisBlaee ment .................................... 6.9L (420 CID) 
OS ANS oe ee te etter’ Sado ora 3.9995 to 4.0015 in 
Outer revne Mue ССОО ООСС БОЕ 0.0003 in 
careo ОГ у с м. T. 0.0121п 
Deekwampagelimit ..................................... 0.006 in 
Pistons and rings 
РТО ОТ ана 3.9935 to 3.9955 іп 
Piston-to-bore clearance 
(се осш IRs one еен ня 0.0055 to 0.0075 in 
Piston ring-to-groove clearance 
TOP COMPMPESSION TING ................................. 0.002 to 0.004 in 
BOUOMMCOMPIOSSION ING .............................. 0.002 to 0.004 in 
Ofll cantiell (ine: Treaa soe 0.001 to 0.003 in 
Piston ring end gap 
Тор сошр ез0 (ШӨ ..........................-..... 0.014 to 0.024 in 
Bottom compression ring. у.................-........... 0.060 to 0.070 in 
OW ems Ои 0.010 to 0.024 in 
Crankshaft and connecting rods 
Main journal 
К есш КК ОЕ... ООО ODDO ON COD 3.1228 to 3.1236 in 
Taper limit - maximum perinch ......................... 0.0005 in 
ОПО ТОЛТО о. 0.0002 іп 
ерл: А оо oe eee 6 otis OD UD DOSE 0.002 in 
Main bearing oil clearance 
ОПЕТ И NI a a EEE аага oiea 0.0018 to 0.0036 in 
Сао По Шла a ОООО a aa aa a D MELDE 0.0010 in 
Connecting rod journal 
ене aao ЕТЕ е 2.4980 to 2.4990 in 
Taper limit - maximum perinch ......................... 0.0005 in 
OEO ОШО DL У 0.0003 in 
Connecting rod bearing oil clearance 
Gisele! .cnoBQesconu ERDOOOU LT CLOUD 0.0011 to 0.0026 in 
Gervirag (li. scc cetur tO roc NORD aac ce M EE 0.0010 in 
Connecting rod side clearance (big end) 
Ico USD DEOS ОТН 0.008 to 0.020 in 


WORE enel Bie? а ооо оон ОЕ 0.012 to 0.024 in 


_——————————————-———-——— 
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Crankshaft and connecting rods (continued) 


Crankshaft endplay 
1983 through 1985 
Кашпал ABR ИИО ОНЕ 0.001 to 0.009 in 
SEWAGE [NLM eee eee oes cnc TEES em 0.012 in 
1986 and later . 
SHITE! sed IDOL ОЕ 0.002 to 0.009 in 
SVC ИТИ coc CENE Е ОЛОК: 0.012 in 
FANEGO lace гпоЇШтИ .......................... 0.008 in 
Camshaft 
Bearing journal diameter 
VEE. ШООК ОО К a OO eee 2.0990 to 2.1000 in 
TOR кешл сео 5 ажа Boo ee ао OO CO TID ГЕСС 2.1010 to 2.1045 in 
1995 np. lu eS ai bara eles oases 2.1020 to 2.1055 in 
Bearing oil clearance 
Е К ОООО seve ec 5 ASS A eats 0.0010 to 0.0055 in 
CSS LNT дл ало 6.00 2.5.5 oe eee eee eee Not available 
lem goeo 686.06 Hood 5 О РРР Not available 
О О О mame ob К GS РОНЕ 0.001 to 0.009 in 
(Soh Ее | з... Bee ttt Rene ene 0.0055 to 0.0100 in 


Cylinder heads and valve train : 


ШЕЯЧЧЕ БАЧОК .................................... 0.006 in 
Valve seat angle 
DERG “ao ss oe oa deva ОЗОНЕ 30-degrees и 
ЕОР .............................- 37.5-аедгееѕ 
Valve seat width 
[552588 aosscccsOGQOUN DUO навана LS 0.080 to 0.095 in 
eae S cecccod TOUR ОРОТО 0.080 to 0.095 in 
Valves о т .................................. 0.002 in 
Valve face angle 
PUKE te ooo oot on 6 ооо оС D ETEEERCES a 30-degrees 
ESTE SE! ОШ с DO NEED ene 37.5-degrees 
Maven И uhr nr rm IRI Not available 
Minimum valve margin Мїйїһ.............................. Not available 
Valve stem diameter 
Ка овооноос DOC CERE T a aaa AA 0.37165 to 0.37235 in 
З оо ON NN EIU РРР 0.37165 to 0.37235 in 
Valve guide diameter 
WERE ао сас о РОТОР Not available 
ЕШЬ о ао О TD TERTII. Not available 
Valve stem-to-guide clearance 
Intake 
О оао ОТИС 0.0012 їо 0.0029 іп 
Т ЖЮ lak ОРТО 0.0055 іп 
Exhaust 
SUSTISSUO| sooo ааваа неа е 0.0012 to 0.0029 іп 
SCR OS Ti о ОЕ 0.0055 in 
Malveispindities mg ................................. 2.04 in 
Valve spring installed height ............................. Not available 
уайерйтештаег!@аа!@'601р8._......................... 1.7981п 
МО ОЕ НЕШ ЕШШ... ............................... Hydraulic 
Torque specifications* Ft-lbs 
ВОВЕ SIS a. eee ass ss csr de ee ca als нынан 25 to 35 
Crankcase front cover (standard sizes)** 
Rae OUN O ec oc se. TET DD 7 
GS 5 Vs INO: Bas оаа ао 14 
S x UO ОМ о ОРИ З 24 
TNS ТА WING, о ЕТЕР О e 38 
ОКШОШ ЧӨНКИ ИУ а оно У 60 
Connecting rod nuts 
I 2:805, НА ооо. 38 
SISCOROLSi iN... o o CES 51 
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Main bearing cap bolts 


Fi Cio) SENE. a ЕЕЕ АСС 75 

Саа ЗЕ 95 
Сан а О С 12 
Flywheel-to-torque converter ............................. 40 
Flywheel-to-crankshaft ...... MEN ТУУ СЕ ЕИ 47 
КОШО ОО оно КОО ene a reine 35 
Engine mount-to-frame ................................. 50 
Ege MOUNCIO DIOCK ................--...-....--...... 75 
у аопсаштгетрБо................................... 90 
Gleen аш ......................-............... 28 
ЖЩ ЯПО ОРИСТАНО ID 7 
© абс (о іп гват) .................-...--..---.... 14 
(Oil c@uwliay [p]; eaea CODO QUOND Е 15 
Velie Gower bors a aaa aa и 6 


* Additional torque specifications can be found in Chapter 2 
** The torque values listed for these size bolts are standard values thatcan be applied toa bolt(s) of the exact same dimensions used on other components 


Ford 7.3L V8 engine 
General 
Da MSO ....................................... 4.11 x 4.11 in 
GOMIESSIEMNaEO ..................................... ZUR 
EORNM e Dos C ME 260 to 440 psi 
ИИО ане: 1-2-7-3-4-5-6-8 
Type ot fuel 
ABSveleofdegiassib ............................-..ш... No. 2 Diesel 
BelowicOldegreeste аа. No. 1 Diesel 
Oil pressure (engine at operating pressure) 
ПА raaraa aa ana a a ЕТЕ 40 to 70 psi 
Engine block 
Pisiomaisplacemient ............................-....... 7.3L (444 CID) 
Cylinder bore 
СОРИНО ИТО ДОЯ. а.а аена н 4.1095 to 4.1115 in 
ИЕ nemci ............-...........-..........* 4.1100 to 4.1120 in 
Ооо: аЗ 0.0003 іп 
Genvitea timia. СОЗСО о NODE 0.012 in 
Deckwarpage limit ..................................... 0.006 in 
Pistons and rings : 
Piston diameter ....................................... 4.10350 to 4.10400 in 
Piston-to-bore clearance (selective fit) 
СПИЕ Tiueti do ee 0.0055 to 0.0085 in 
Onine eiai uo ps PPM UE 0.0060 to 0.0085 in 
Piston ring-to-groove clearance 
Top compression ring .......ee eee e erect eee eee es 0.002 to 0.004 in 
Bottom compression ring .............................. 0.002 to 0.004 in 
OS 0 ення 0.001 to 0.003 in 
Piston ring end gap 
Top compression ring _................................ 0.013 to 0.045 in 
Bottom compression ring .............................: 0.060 to 0.085 in 
зоо АРЕС Ree ERR rH Not available 


Crankshaft and flywheel 


Main journal 
ОЕР ао а окил ос ао CE cio О 3.1228 to 3.1236 in 
Taper limit - maximum perinch .......................-: 0.0005 in 
OMHOTAOWING illu 625260. ио. 0.0002 in 
[etum e(l РН ОО dod CODO 0.002 in 
Main bearing oil clearance 
cid "rcc sume к-к... 0.0018 to 0.0036 in 
Berica WN e serosovococUconSDOON DO MODELO LER 0.0010 in 
Connecting rod journal 
Байды [ег opor a ND ЖАКЕНИН ЕЕ ee hemes 2.4980 to 2.4990 in 
Taper limit – maximum per inch ........................: 0.0005 in 


Ооа a :2%-........-.......... 0.0003 in 
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Crankshaft and flywheel (continued) 
Connecting rod bearing oil clearance 


ОШОО ate cc cic С... АИР 0.0011 to 0.0026 in 
SONGS OU cS милл ло. о TET D IT Not available 
Connecting rod side clearance (big end) 
ТОКАН И уху S DOTT. 0.012 to 0.024 in 
СЕ БЕР о S eR Not available 
Crankshaft endplay 
Sel Chelle DN cee Nor cape C DTE ERE 0.0025 to 0.0085 in 
Seno NOT аана ан 0.012 in 
Flywheel clutch face runout limit .......................... 0.008 in 
Camshaft 
Bearimgijeurnalidiameter ................................ 2.1015 to 2.1025 in 
Bearing oil clearance 
ОО а оао О OCC TC C CICERO TEEETOO 0.0015 to 0.0035 in 
Ке ЕШШ шо ыалын. ОНИН Not available 
LOE itt... О ШС Cea Not available 
Epp CVILasedsuodscchboBos5OoOq COR re 0.002 to 0.009 in 
Geer scie elt ооо ............................ 0.0015 to 0.0130 in 


Cylinder heads and valve train 


insisto Wiz PEDIS IT .................................... 0.006 in 
Valve seat angle 

WEEG о occ deed a trematodes tone I 30-degrees 

ЕЕЕ .:6omosao С. G do РРСРР. 37.5-degrees 
Valve seat width 

ШОИРИ З О оаа вооа 0.065 їо 0.095 іп 

ЕРЕШЕ ооо асо E 0.065 їо 0.095 іп 
Ма Беа о .................................. 0.002 іп 
Valve face angle 

ШОИ О. E E 30-degrees 

БОКЕ АЗ pode hh оосо ОИТ 37.5-degrees 
velve feeen a oer le rr RR RR Rr Not available 
Minimum valve margin width 

[WES .ll-252coscnoodUD E RETEEEEESERCEEEERCDISTEDU 0.112 in 

ЕШ ооа ............................ 0.053 in 
Valve stem diameter 

EIS ооо ооо 0.37165 to 0.37235 in 

ЕЕРЕЕ КЕ .....---.-........;.......... 0.37165 to 0.37235 in 
Valve guide bore diameter 

INR on Be Ro RO OS РОО Ie E 0.3736 to 0.3746 in 

ИТЕЛ Soon moe o 2 Sc E 0.3736 to 0.3746 in 
Valve stem-to-guide clearance 

БЙЗ моз cere LLL senses paredes 0.0055 in 

(SNENA To o Тао vs eu ts 0.0055 in 

америке еда .................................. 2.075 іп. 

Valve spring installed height 

We co 008 6.0 GEN РИА... ae 1.767 in 

ЕЦЕ Gp 5 c.g aeRO T ECT TETTE T TO 1.833 in 
Vel MSNA nm Hydraulic 
Prechambeminsemipromusioni ............................ -0.0025 to +0.0025 in 
Torque specifications* Ft-Ibs 
Вее Шоо coo 2500/95 
Crankcase front cover (standard sizes)** 

Ass ДОМО TUR 7 

БУЛО ЗАЛЫ UNG о ETT 14 

GIG OUO. iE s. 24 

ОБО УН И one RE ЖОООК 38 

WER Е ШС uc MN 60 
Connecting rod nuts 

ДЕЗ E S T C rM TTE PETERS 38 

есеп ерш ЕКОО ООО Т 1e Ille TTE 51 


ЊТ 
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Torque specifications (continued)* Ft-Ibs 
Main bearing cap bolts 

IVS SSD T МВТ ЖК EMIL if 

ӨӨӨ Ери ОАЕ о. оалаео ды: 95 
Glowmoltgse........: see EP ps oe А 
Flywheel-to-torque сопуейег . ...........................: 40 
Flywheel-to-crankshaft . ................................. 47 
ОТЕТ ИИ Иене. 95 
Engine тлойт Оташе... не. 50 
ЕПТЕП О ОСК Ваа 75 
Misyetrondampe NEN ... -o rere meet EIER ENS HS 90 
Oilllpanmmmllt ..............................-....... 28 
"Oen. M 7 


Oil'DambBH IWON) ................................ 
ОССО Е ИО sins: ai ee о 


и, са BONS .......................-..%.5....5<-...- 6 


* Additional torque specifications can be found in Chapter 2 


** The torque values listed for these size bolts are standard values that can be applied to a bolt(s) of the exact same dimensions used on othercomponents 


General information and diagnosis 


General information 

Included in this portion of Chapter 2 are the general overhaul proce- 
dures for the cylinder head(s) and internal engine components. 

The information ranges from advice concerning preparation for an 
overhaul and the purchase of replacement parts to detailed, step-by-step 
procedures covering removal and installation of internal engine compo- 
nents and the inspection of parts. 

The following Sections have been written based on the assumption 


that the engine has been removed from the vehicle. For information con- 
cerning in-vehicle engine repair, as well as removal and installation of the 
external components necessary for the overhaul, see Chapter 2 (GM) or 
Chapter 3 (Ford). 

The Specifications included in this Part are only those necessary for 
the inspection and overhaul procedures which follow. Refer to Chapter 1, 
2 and 3 for additional Specifications. 

This book covers the Ford 6.9L and 7.3L diesel engines (1983 on) (see 
illustration) and the GM 5.7L and 6.2L diesel engines (1978 on) (see il- 
lustration). The GM 6.2L comes in two versions: the LH6 Light duty is for 
use in 6,000 to 8,500 Gross Vehicle Weight (GVW) trucks and the LL4 
heavy duty version in 8,500 to 10,000 GVW trucks. 


INTAKE 
MANIFOLD 


WATER CROSSOVER 
HOUSING 
PISTON à 
ROD 


WATER PUMP BACKING 
PLATE 


LIFT PUMP 
GROMMET 


OIL FILLER 
TUBE 


WATER PUMP 


TIMING CHAIN 
Ё SPROCKETS 


TN, 


FRONT COVER 
TORSIONAL 
DAMPER 


SECONDARY 


VALVE COVER 


VACUUM 
PUM 


FILTER 


P 
CYLINDER HEAD 


EPR VALVE 


FLYWHEEL 
CRANKSHAFT 
OIL 
FILTER 


DIP STICK 


4.1 GM 6.2L diesel engine – exploded view 


Chapter 4 Engine overhaul procedures 


4 - 12 


Chapter 4 Engine overhaul procedures 


Cylinder block assembly 
Tappet guide 

Oil level gauge tube assembly 
(F-series) 

Oil level gauge (F-series) 
Tappet guide retainer 

Engine plug (1-1/2 inch 
outside diameter 

Rear cover gasket 

Неаг engine cover assembly 
Flywheel-to-transmission adapter 
Crankshaft rear oil seal i 
Front oil seal 

Flywheel adapter dowel pin 
Pipe plug, 1/8 NPTF 

Piston cooling jet 

Block heater assembly 

Front cover plate dowel pin 
Cup plug 

Front cover plate gasket 
Camshaft bearing kit 

Oil indicator hole ball 11/32 inch 
Front cover plate 

Timing indicator (part of front cover) 
Water outlet connection 
Thermostat 

Water outlet gasket 

Water pump gasket 

Water pump 

Water pump pulley 

Fan spacer 

Water inlet gasket 

Water inlet connection 

RTV sealant 

Oil pan А 

Oil pan drain gasket 

Oil pan drain plug 

Exhaust manifold, left 
Exhaust manifold gasket 
Valve cover washer 

Valve cover 

Valve cover gasket 

Intake valve (8) 

Exhaust valve 

Exhaust valve seat insert 

Ball type plug, 13/32 in (8) 
Valve lever bolt and washer 
Valve lever post 

Valve lever 

Valve lever post retainer 
Valve spring retainer lock 
Valve spring retainer (36) 

Oil shield (Exhaust) 

Valve spring with damper (16) 
Valve stem — intake seal (8) 
Assembly valve rotator (16) 
Plug 1/2 inch NPTF (4) 
Cylinder head bolt (34) 
Cylinder head bolt washer (34) 
Cylinder head assembly (2) 


Plug 1/4 inch 

Combustion chamber insert (8) 
Cylinder head gasket (2) 

Lifting eye (3) 

Bolt thread — air cleaner stud insert 
Intake manifold screen 

Intake manifold 

Valley pan drain plug 

Gasket and valley pan 

Valley pan strap 

Fuel priming valve and cap 
Exhaust manifold — right 
Continuous vent with check valve 
Vacuum switch (fuel filter element 
replacement indicator) 

Fuel heater O-ring 

Fuel heater 

Threaded insert 

Fuel filter element 

Drain bowl O-ring 

Drain valve stem cap 

Drain valve seal 

Water separator drain bolt 

Oil cooler, front header gasket 
Oil cooler, front header 

Oil cooler O-ring (2) 

Oil cooler O-ring (2) 

Oil cooler 

Oil cooler rear header gasket 

Oil cooler rear header 

Plug — 1/4 inch 

Oil filter 

Plug — 1/2 inch 

Plug — 1/2 inch 

Oil pump assembly 

Oil pick-up gasket 

Pick-up tube 

Oil pick-up bracket 

CDR valve 

CDR valve seal ring 

Crankcase vent tube 

Valley cover grommet 

Injection pump mounting stud 
Injection pump drive gear 
Injection pump adapter housing 
Oil filler cap 

Pipe with nuts pump to cylinder 8 
Pipe with nuts pump to cylinder 7 
Pipe with nuts pump to cylinder 6 
Pipe with nuts pump to cylinder 5 
Pipe with nuts pump to cylinder 4 
Pipe with nuts pump to cylinder 3 
Pipe with nuts pump to cylinder 2 
Pipe with nuts pump to cylinder 1 
Injection pump 

Vacuum modulator valve (automatic 
transmission) 

Fuel return tee 

Fuel return elbow 

Hose . 


Ford diesel engine — exploded — view 
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Clip 

Fuel return tee 

O-rings 

Injection nozzle holder 

Fuel return hose 

Fuel return hose 

Pump-to-fuel return tube hose 
Rear fuel return hose guard 

Fuel return tee 

Fuel return junction fitting 

Fuel return nipple 

Clamp 

Elbow 

Clip 

Tube 

Nozzle tip 

Fuel line pressure sensor 

Cover 

Fuel return sleeve seal (2) 
Temperature switch 

Bracket and solenoid-fast idle 
Gasket nozzle (8) 

Clamp 

Kickdown lever (automatic 
transmission) 

Kickdown lever screw 

Adjusting screw (kickdown lever) 
Oil level tube support bracket (F-series) 
Vent/valve assembly 

Manual drain valve 

Water sensor O-ring 

Water sensor probe 

Fuel pump supply gasket 
Alternator bracket 

Sealing O-ring 

Fuel return tee (at nozzle) 

Hose, 3/16 inch inside diameter x 10 
inch long 

Hose clip 

Water drain tube 

Drain tube clamp (2) 

Fuel filter/water separator element 
Elbow 

Fuel supply pump-to-filter header elbow 
Fuel pump-to-fuel header tube (with 
two nuts and two sleeves) 

Hose, 3/16 inch x 2 5/16 inch long 
Fuel filter header mounting bracket 
Fuel supply pump 

Filter-to-injection pump tube (with two 
nuts and two sleeves) 

Connector fitting 

Inverted flare tube nut 

Oil level gauge 

Tube 

O-ring 

Oil level gauge tube, lower 

Oil level gauge tube bracket 

Oil level gauge tube retainer 
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GASOLINE 


DIESEL 


4.3a Piston comparison (cross-sectional views) 


GASOLINE DIESEL 


4.3b Connecting rod comparison 


The LH6 is equipped with 46 mm diameter intake valves and 42 mm 
diameter exhaust valves while the LL4 is equipped with 50 mm diameter 
intake valves and 42 mm diameter exhaust valves (1982 and 1983 only). 
1984 and later versions of the LL4 use 46 mm diameter intake valves and 
38 mm diameter exhaust valves. The 1986 version of the LH6 made for 
California is equipped with 46 mm intake valves and 39 mm exhaust 
valves. 

Diesel engines are similar to the gasoline engines in many ways, but 
the cylinder heads, valve sizes, crankshaft, pistons connecting rods and 
piston pins are different. Because of the high compression ratio required 
in the diesel engine to ignite the fuel mixture, the engine components are 
constructed of a much more heavy-duty design than the gasoline engine 
(see illustrations). 

The special alloy steel pre-chamber inserts in the cylinder head com- 
bustion chambers are serviced separately from the cylinder head (see il- 
lustration). With the cylinder head removed, the pre-chamber inserts can 
be pushed out after removing the glow plugs and the injection nozzles. 


Diagnosis 

Correct diagnosis is an essential part of every repair; without it you can 
only cure the problem by accident. 

Sometimes a simple service item will cause symptoms similar to a 
worn out or defective engine. Be sure the engine is serviced to manufac- 
turer's specifications (see Chapter 2 or 3) before you begin with the follow- 
ing diagnosis procedures. 

If you are concerned about the condition of your engine because of de- 
creased performance or fuel economy, perform a compression test. If the 
engine is making unusual noises, perform an oil pressure test and noise 
diagnosis. Computer controlled engines may be checked with a scan tool 
to eliminate that system as the source of the problem (this is normally done 
by a dealer service department). 

One of the more common reasons people rebuild their engines is be- 
cause of oil consumption. Before you decide that the engine needs an 
overhaul based on oil consumption, make sure thatoil leaks aren't respon- 
sible. If you park the vehicle in the same place everyday on pavement, look 
for oil stains or puddles of oil. To check more accurately, place a large 
piece of cardboard under the engine overnight. Compare the color and 
feel of the oil on the dipstick to the fluids found under the vehicle to verify 
that it's oil (transmission fluid is slightly red). 

If any drips are evident, putthe vehicle on a hoist and carefully inspect 
the underside. Sometimes leaks will only occur when the engine is hot, 
under load or on an incline, so look for signs of leakage as well as active 
drips. If a significant oil leak is found, correct it before you take oil con- 
sumption measurements. 

Excessive oil consumption is an indication that cylinders, pistons, 
rings, valve stems, seals and/or valve guides may be worn. A clogged 
crankcase ventilation system can also cause this problem. 


DRIVE ON OUTER AREA 
OF PRE-CHAMBER ONLY 
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4.4 Pre-chamber installation in a GM diesel engine 


Every engine uses oil at a different rate. However, if an engine uses 
a quart of oil in 700 miles or less, or has visible blue exhaust smoke, it defi- 
nitely needs repair. 

To measure oil consumption accurately, park the vehicle on a level sur- 
face and shut off the engine. Wait about 15 minutes to allow the oil to drain 
down into the sump. Wipe the dipstick and insert it into the dipstick tube 
until it hits the stop. Then withdraw it carefully and read the level before 
the oil has a chance to flow. Fill the sump exactly to the full mark with the 
correct grade and viscosity of oil and write down the mileage shown on 
the odometer. Then monitor the oil level, using this same checking proce- 
dure until one quart of oil has been consumed and note the mileage. 

Every moving part in the vehicle can make noise. Owners frequently 
blame the engine for a noise that is actually in the transmission or drive- 
line. 

Set the parking brake and place the transmission in neutral (Park on 
automatics). Start the engine with the hood open and determine if the 
noise is actually coming from the engine. Rev the engine slightly; does the 
noise increase directly with engine speed? If the noise sounds like it's 
coming from the engine and it varies with engine Speed, it probably is an 
engine or driveplate/torque converter noise (automatic transmissions 
only). 

What kind of noise is it? If it's a squealing sound, check drivebelt ten- 
Sion. Spray some belt dressing (available at auto parts stores) on the 
belt(s); if the noise goes away, adjust or replace the belt(s) as necessary. 
Sometimes it's necessary to remove the drivebelt briefly to eliminate the 
engine accessories as a source of noise. With the belt removed and the 


Chapter 4 Engine overhaul procedures 


engine off, turn each accessory by hand and listen for sounds. Then run 
the engine briefly and listen for the noise. 

Knocking or ticking noises are the most common types of internal en- 
gine noises. Noises that occur at crankshaft speed are usually caused by 
crankshaft, connecting rod and bearing problems, so begin your search 
on the lower part of the engine. Noises that occur at half of crankshaft 
speed usually involve the camshaft, lifters, rocker arms, valves, springs 
and mechanical fuel pump pushrod. Listen for these sounds near the top 
of the engine. 

To pinpoint the source of the noise, a mechanic's stethoscope is best. 
If you don’t have one, improvise with a four-foot length of hose held to your 
ear. You can also hold the handle of a large screwdriver to your ear and 
touch the tip to the suspected areas. 

Move the listening device around until the sound is loudest. Think 
about which components are in the area of the noise and which part could 
produce this sound. * 

If the noise is in the top of the engine, remove the valve cover from the 
affected side and briefly start the engine, allowing it to idle slowly so it 
doesn't fling too much oil. See if all the valves appear to be opening the 
same amount and if the pushrods are rotating slowly, as they should. 
Press down on each rocker arm with your thumb right above the valve. If 
the sound changes or goes away, you've found which cylinder has the 
problem. Remove the rocker arm and pushrod. Inspect them carefully for 
wear and cracks. If no other problems are found, the lifter is probably de- 
fective. 

If the noise is in the lower portion of the engine, check for piston slap, 
piston pin, connecting rod, main bearing and piston ring noises. 

Piston slap is loudest on a cold engine and quiets down as the engine 
warms up. Listen for a dull, hollow sound in the cylinder wall just below the 
head. If you suspect that a piston has a hole in it, remove the dipstick and 
listen in the opening. Hold a piece of rubber hose between your ear and 
the tube. You should be able to hear and feel combustion gasses escaping 
if the piston has a hole or is cracked. 

Main bearing knocks have a low-pitched knock deep within the engine 
that will sound loudest when the engine is first started. It will also be quite 
noticeable under heavy load. 

Connecting rod bearings knock loudest when the accelerator is 
pressed briefly and then quickly released. The noise is usually caused by 
excessive bearing wear or insufficient oil pressure. 

Piston rings that are loose in their grooves or broken make a chattering 
noise that is loudest during acceleration. This should be confirmed by a 
dealership service department. A compression check will tell you what 
mechanical condition the upper end, pistons, rings, valves, head gaskets) 
of your engine is in. Specifically, it can tell уси if the compression is down 
due to leakage caused by worn piston rings, defective valves and seats 
or a blown head gasket. Note: The engine must be at normal operating 
temperature and the battery must be fully charged for this check. Refer 
tothe Compression check procedure in this Chapter for more information. 

Engine oil pressure provides a fairly good indication of bearing condi- 
tion in an engine. As bearing surfaces wear, oil clearances increase. This 
increasedclearance allows the oil to flow through the bearings more readi- 
ly, which results in lower oil pressure. Oil pumps also wear, which causes 
an additional loss of pressure. 

Pull out the dipstick and check the oil level. If the oil is dirty, contami- 
nated with gasoline from short trips, or too thin (low viscosity) for the sea- 
son, change it. 

Check the oil pressure with a gauge installed in place of the oil pres- 
sure sending unit. Allow the engine to reach normal operating temperature 
before performing the test. If the pressure is extremely low, the bearings 
and/or oil pump are probably worn out. 

Worn camshaft lobes are fairly common on high-mileage engines. If 
the engine is low on power, runs rough and/or backfires constantly through 
the intake or exhaust, suspect crossed ignition wires, a cracked distributor 
cap or aworncamshaft. These problems won't show up on acompression 
test (unless a valve doesn't open at all), but will show up on a power bal- 
ance test. 

To check for worn camshaft lobes, remove the valve covers. Then re- 
move the rocker arms or rotate them aside from the pushrods. 

Mount a dial indicator so it bears on the end of the pushrod. Using a 
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socket and ratchet on the vibration damper bolt, slowly turn the crankshaft 
clockwise through two full rotations (720-degrees) while observing the dial 
indicator. Note the high and low readings and subtract the low from the 
high to obtain the lift. Record the measurements for each cylinder and note 
whether it was for exhaust or intake. 

Compare the measurements of all the intake lobes; they should be 
within 0.005 inch of each other. Repeat this check for the exhaust lobes 
as well. 

When the surface hardening wears off of a camshaft lobe, the metal 
below it scuffs away rapidly. Usually, worn lobes will be several tenths of 
an inch below the good ones. 

If one or more lobes are worn, replace the camshaft and lifters as an 
assembly. Never use old lifters on a new camshaft. 

A cracked block or cylinder head and/or a blown head gasket will cause 
a loss of power, overheating and a host of other problems. These prob- 
lems are usually brought on by severe overheating or freezing due to in- 
sufficient antifreeze. 

If you suspect internal engine leakage, check the oil on the dipstick for 
contamination of the oil by coolant. The oil level may increase and the oil 
will appear milky in color. Sometimes, oil will also get into the radiator; it 
will usually float on the top of the coolant. Occasionally steam and coolant 
will come out of the exhaust pipe, even when the engine is warmed up, 
because of a leaking head gasket. Note: Don't confuse this with the con- 
densation vapor normally present when an engine is warming up in cool 
weather. 

The cooling system and engine may be checked for leaks with a pres- 
sure tester. Follow the instructions provided by the tool manufacturer. Cor- 
rect any external leaks in the hoses, water pump and radiator, etc. If no 
externalleaks are found, look and listen for signs of leakage onthe engine. 
Note: A leaking heater core will cause a hidden pressure loss. Clamp off 
the hoses going to it at the firewall to eliminate this source of leakage. 

Another device that is useful for determining if there is a crack in the 
engine of a blown head gasket is a combustion leak block tester. Combus- 
tion leak block testers use a blue colored fluid to test for combustion gases 
in the cooling system, which indicates a compression leak from a cylinder 
into the coolant. Be sure to follow the instructions included with the tester. 
A sample of gasses present in the top of the radiator is drawn into the tes- 
ter. If any combustion gases are present in the sample taken, the test fluid 
will change color to yellow. Block testers and extra test fluid are readily 
available from most auto parts stores. 

If the engine is overheating but testing indicates no cracks, blown gas- 
kets or other internal problems, carefully inspect the cooling system for 
problems and correct as necessary. Frequently, partially clogged radia- 
tors, stuck thermostats and defective water pumps cause overheating. 

When an internal coolant leak is found, the cylinder heads should be 
removed for a thorough inspection. If a gasket has blown, have an auto- 
motive machine shop check for warpage on both heads and resurface as 
necessary. If no warpage is found, have both cylinder heads checked for 
cracks. If tests indicate internal leakage, butthe heads check out OK, have 
the block checked. 

Correct the cause of the failure, such as a clogged radiator, before the 
vehicle is put back in service. Otherwise, the problem will likely reoccur. 


Engine overhaul — general information 


It's not always easy to determine when, or if, an engine should be com- 
pletely overhauled, as a number of factors must be considered. 

High mileage is not necessarily an indication that an overhaul is need- 
ed, while low mileage doesn't preclude the need for an overhaul. Frequen- 
су of servicing is probably the most important consideration. An engine 
that's had regular and frequent oil and filter changes, as well as other re- 
quired maintenance, will most likely give many thousands of miles of reli- 
able service. Conversely, a neglected engine may require an overhaul 
very early in its life. 

Before beginning any work, perform the diagnostic checks in the pre- 
vious Section. Excessive oil consumption is an indication that piston rings, 
valve seals and/or valve guides are in need of attention. Make sure that 
oilleaks aren'tresponsible before deciding thatthe rings and/or guides are 


м—— шшш ЕЎ ААА ————————————————— E 


4 — 16 


4.5a Insert an oil pressure gauge into the hole where the oil 
pressure sending unit is located (5.7L GM engine shown) — On the 
6.2L GM diesel engine, the oil pressure sending unit is located at 
the ruar of the engine 
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4.6 Disconnect the glow plug harness оп Ford 
diesel engines 


. bad. Perform acylinder compression check to determine the extent of the 
work required (see the next Section in this Chapter). 

Check the oil pressure with a gauge installed in place of the oil pres- 
sure sending unit (see illustrations) and compare it to this Chapter's 
Specifications. If it's extremely low, the bearings and/or oil pump are prob- 
ably worn out. 

Loss of power, rough running, knocking or metallic engine noises, ex- 
cessive valve train noise and high fuel consumption rates may also point 
to the need for an overhaul, especially if they're all present at the same 
time. Ifa complete service doesn't remedy the situation, major mechanical 
work is the only solution. 

An engine overhaul involves restoring the internal parts to the specifi- 
cations of a new engine. During an overhaul, the piston rings are replaced 
and the cylinder walls are reconditioned (rebored and/or honed). If a re- 
bore is done by an automotive machine shop, new oversize pistons will 
also be installed. The main bearings, connecting rod bearings and cam- 
shaftbearings are generally replaced with new ones and, if necessary, the 
crankshaft may be reground to restore the journals. Generally, the valves 
are serviced as well, since they're usually in less-than-perfect condition 
at this point. While the engine is being overhauled, other components, 
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4.5b On Ford diesel engines, the oil pressure sending unit is 
located at the rear of the engine (arrow) 
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4.7 Disconnect the fuel cut-off solenoid on Ford 
diesel engines 


Such as the starter and alternator can be rebuilt as well. The end result 
should be a like-new engine that will give many trouble-free miles. Note: 
Critical cooling system components such as the hoses, drivebelts, ther- 
mostatand water pump MUST be replaced with new parts when an engine 
is overhauled. The radiator should be checked carefully to ensure that it 
isn't clogged or leaking. Also, we don't recommend overhauling the oil 
pump — always install a new one when an engine is rebuilt. 

Before beginning the engine overhaul, read through the entire proce- 
dure to familiarize yourself with the scope and requirements of the job. 
Overhauling an engine isn't difficult if you follow all of the instructions care- 
fully, have the necessary tools and equipment and pay close attention to 
all specifications; however, itis time consuming. Plan onthe vehicle being 
tied up for a minimum of two weeks, especially if parts must be taken to 
an automotive machine shop for repair or reconditioning. Check on avail- 
ability of parts and make sure that any necessary special tools and equip- 
ment are obtained in advance. Most work can be done with typical hand 
tools, although a number of precision measuring tools are required for in- 
specting parts to determine if they must be replaced. Often an automotive 
machine shop will handle the inspection of parts and offer advice concern- 
ing reconditioning and replacement. Note: Always wait until the engine 
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4.8a On Ford diesel engines, install a special adapter into the 
glow plug port (arrow) .. . 


4.8с On GM diesel engines, install a special adapter into the 
glow plug port (arrow)... 


has been completely disassembled and all components, especially the 
engine block, have been inspected before deciding what service and re- 
pairoperations must be performed by an automotive machine shop. Since 
the block's condition will be the major factor to consider when determining 
whether to overhaul the original engine or buy a rebuilt one, never pur- 
chase parts or have machine work done on other components until the 
block has been thoroughly inspected. As a general rule, time is the primary 
cost of an overhaul, so it doesn't pay to install worn or substandard parts. 

As a final note, to ensure maximum life and minimum trouble from a 
rebuilt engine, everything must be assembled with care in a spotlessly 
clean environment. 


Compression check 


1 Acompression check will tell you what mechanical condition the up- 
per end (pistons, rings, valves, head gaskets) of your engine is in. Specifi- 
cally, it can tell you if the compression is down due to leakage caused by 
worn piston rings, defective valves and seats or a blown head gasket. 
Note: The methods for testing the compression will vary among the differ- 
entsizes and models of diesel engines. On GM diesel engines, make sure 
the engine is fully warmed up. On Ford diesel engines, some will have to 
be warmed up while other engines will be tested cool. Consult the owner's 


4.8b ...and couple the compression gauge onto 
the adapter 


4.8d ...and couple the compression gauge onto the 
adapter (arrow) 


manualorfactory service manualto determine the exacttemperature con- 
ditions for testing. Note: In order to receive an accurate compression read- 
ing, the battery must have an adequate charge and the engine must crank 
at approximately 200 rpm. 

2  Beginbycleaning the area around the glow plugs before you remove 
them (compressed air should be used, if available, otherwise a small 
brush or even a bicycle tire pump will work). The idea is to prevent dirt from 
getting into the cylinders as the compression check is being done. 

3 Remove all of the glow plugs from the engine. 

4 Оп Ford diesel engines, disconnect the glow plug harness from the 
engine (see illustration). 

5  OnGMdieselengines, remove the air cleaner and install the air cros- 
sover cover (GM special tool J-26996-1) onto the engine. 

6  Disconnectthe fuel cutoff solenoid from the injection pump (GM mod- 
els) or the fuel cutoff solenoid wire harness on Ford pumps (see illustra- 
tion). 

7  installthe compression gauge in the number one glow plug hole (see 
illustrations). 

8 Crank the engine over at least six compression strokes (or "puffs") 
and watch the gauge. The compression should build up quickly in a 
healthy engine. Low compression on the first stroke, followed by gradually 
increasing pressure on successive strokes, indicates worn piston rings. A 
low compression reading on the first stroke, which doesn't build up during 


M —À € À— M a ——— M  — —— M ———À— 


4—18 


successive strokes, indicates leaking valves or a blown head gasket (a 
cracked head could also be the cause). Deposits on the undersides of the 
valve heads can also cause low compression. Record the highest gauge 
reading obtained. 

9 Repeat the procedure for the remaining cylinders and compare the 
results to this Chapter's Specifications. Note: Never add engine oil to a 
cylinder during a compression test on a GM or Ford diesel engine as ex- 
tensive engine damage can result. 

10 If two adjacent cylinders have equally low compression, there's a 
strong possibility that the head gasket between them is blown. The ap- 
pearance of coolant in the combustion chambers or the crankcase would 
verify this condition. 

11 Ifonecylinderis 20 percent lower than the others, and the engine has 
a slightly rough idle, a worn exhaust lobe on the camshaft could be the 
cause. 

12 If compression is way down or varies greatly between cylinders, it 
would be a good idea to have a crankcase pressure test performed byan 
automotive repair shop. This test will pinpoint exactly where the leakage is 
occurring and how severe it is. 


———————————— 
Engine removal — methods and precautions 
—————— Á——— es 


If you've decided that an engine mustbe removed for overhaul or major 
repair work, several preliminary steps should be taken. 

Locating a suitable place to work is extremely important. Adequate 
work space, along with storage space for the vehicle, will be needed. If a 
shop or garage isn't available, atthe very leasta flat, level, clean work sur- 
face made of concrete or asphalt is required. 

Cleaningthe engine compartment and engine before beginning the re- 
moval procedure will help keep tools clean and organized. 

An engine hoist or A-frame will also be necessary. Make sure the 
equipmentis rated in excess of the combined weight of the engine and ac- 
cessories. Safety is of primary importance, considering the potential haz- 
ards involved in lifting the engine out of the vehicle. 

If the engine is being removed by a novice, a helper should be avail- 
able. Advice and aid from someone more experienced would also be help- 
ful. There are many instances when one person cannot simultaneously 
perform all of the operations required when lifting the engine out of the ve- 
hicle. 

Plan the operation ahead of time. Arrange for or obtain all of the tools 
and equipment you'll need prior to beginning the job. Some of the equip- 
mentnecessary to perform engine removal andinstallation safely and with 
relative ease are (in addition to an engine hoist) a heavy duty floor jack, 
complete sets of wrenches and sockets as described in the front of this 
manual, wooden blocks and plenty of rags and cleaning solvent for mop- 
ping up spilled oil, coolant and gasoline. If the hoist must be rented, make 
sure that you arrange for it in advance and perform all of the operations 
possible without it beforehand. This will save you money and time. 

Plan for the vehicle to be out of use for quite a while. A machine shop 
will be required to perform some of the work which the do-it-yourselfer 
can't accomplish without special equipment. These shops often have a 
busy schedule, soit would be a good idea to consult them before removing 
the engine in order to accurately estimate the amount of time required to 
rebuild or repair components that may need work. 

Always be extremely careful when removing and installing the engine. 
Serious injury can result from careless actions. Plan ahead, take yourtime 
and a job of this nature, although major, can be accomplished success- 
fully. 


SSS 
Engine — removal and installation 
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Warning: The air conditioning system is under high pressure! Have a 
dealer service department or service station discharge the system before 
disconnecting any air conditioning system hoses or fittings. 


Removal 
1 Disconnect the negative cable from the battery. 
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4.9 Label each wire before unplugging the connector 


2 Cover the fenders and cowl and remove the hood. Special pads are 
available to protect the fenders, but an old bedspread or blanket will also 
work. 

3 Remove the air cleaner assembly. 

4 Drain the cooling system (see Chapter 2 for GM or Chapter 3 for 
Ford). 

5  Labelthe vacuum lines, emissions system hoses, wiring connectors, 
ground straps and fuel lines, to ensure correct reinstallation, then detach 
them. Pieces of masking tape with numbers or letters written on them work 
well (see illustration). If there's any possibility of confusion, make a 
sketch of the engine compartment and clearly label the lines, hoses and 
wires. 

6 Label and detach all coolant hoses from the engine. 

7  Removethecoolingfan, shroud and radiator (see Chapter 2 for GMor 
Chapter 3 for Ford). 

8 Remove the drivebelts. 

9  Disconnectthe fuel lines running from the engine to the chassis. Plug 
or cap all open fittings/lines. Warning: Gasoline is extremely flammable, 
So extra precautions must be taken when working on any part of the fuel 
system. DO NOT smoke or allow open flames or bare light bulbs near the 
vehicle. Also, don't work in a garage if a natural gas appliance with a pilot 
light is present. 

10 Disconnect the throttle linkage. 

11 On power steering equipped vehicles, unbolt the power steering 
pump. Leave the lines/hoses attached and make sure the pump is kept in 
an upright position in the engine compartment (use wire or rope to restrain 
it out of the way). 

12 Onairconditioned models, unboltthe compressor and set it aside. Do 
not disconnect the hoses. 

13 Drainthe engine oil (Chapter 2 for GM or Chapter 3 for Ford) and re- 
move the filter. 

14 Remove the starter motor. 

15 Remove the alternator. 

16 Unbolt the exhaust system from the engine. 

17 Ifyou’re working ona vehicle with an automatic transmission, remove 
the torque converter-to-driveplate fasteners. 

18 Support the transmission with a jack. Position a block of wood be- 
tween them to prevent damage to the transmission. Special transmission 
jacks with safety chains are available — use one if possible. 

19 Attach an engine sling or a length of chain to the lifting brackets on the 
engine. 

20 Rollthe hoistinto position and connectthe slingtoit. Take upthe slack 
inthe sling or chain, but don't lift the engine. Warning: DO NOT place any 
part of your body under the engine when it's supported only by a hoist or 
other lifting device. 

21 Hemove the transmission-to-engine block bolts. 

22 Remove the engine mount-to-frame bolts. 

23 Recheckto be sure nothing is still connecting the engine to the trans- 
mission or vehicle. Disconnect anything still remaining. | 

24 Raise the engine slightly. Carefully work it forward to separate it from 
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the transmission. If you're working on a vehicle with an automatic trans- 
mission, be sure the torque converter stays in the transmission (clamp a 
pair of vise-grips to the housing to keep the converter from sliding out). If 
you're working on a vehicle with a manual transmission, the input shaft 
must be completely disengaged from the clutch. Slowly raise the engine 
out of the engine compartment. Check carefully to make sure nothing is 
hanging up. 

25 Remove the flywheel/driveplate and mount the engine on an engine 
stand. 


Installation 

26 Check the engine and transmission mounts. If they're worn or dam- 
aged, replace them. 

27 |f you're working on a manual transmission equipped vehicle, install 
the clutch and pressure plate (see Chapter 7). Now is a good time to install 
a new clutch.. Й 

28 Carefully lower the engine into the engine compartment – make sure 
the engine mounts line up. 

29 Ifyou're working on a manual transmission equipped vehicle, apply a 
dab of high-temperature grease to the input shaft and guide it into the 
crankshaft pilot bearing until the bellhousing is flush with the engine block. 
30 Install the transmission-to-engine bolts and tighten them securely. 
Caution: DO NOT use the bolts to force the transmission and engine to- 
gether! If you're working on an automatic transmission-equipped vehicle, 
install the torque converter-to-driveplate bolts, tightening them to the 
torque listed in this Chapters Specifications. 

31 Reinstall the remaining components in the reverse order of removal. 
32 Add coolant, oil, power steering and transmission fluid as needed. 
33 Runthe engine and check for leaks and proper operation of all acces- 
sories, then install the hood and test drive the vehicle. 

34 Have the air conditioning system recharged and leak tested. 


Engine rebuilding alternatives 


The do-it-yourselfer is faced with a number of options when performing 
an engine overhaul. The decision to replace the engine block, piston/con- 
necting rod assemblies and crankshaft depends on a number of factors, 
with the number one consideration being the condition of the block. Other 
considerations are cost, access to machine shop facilities, parts availabil- 
ity, time required to complete the project and the extent of prior mechanical 
experience on the part of the do-it-yourselfer. 

Some of the rebuilding alternatives include: 

Individual parts — If the inspection procedures reveal that the engine 
block and most engine components are in reusable condition, purchasing 
individual parts may be the most economical alternative. The block, crank- 
shaft and piston/connecting rod assemblies should all be inspected care- 
fully. Even if the block shows little wear, the cylinder bores should be 
surface honed. 

Short block — A short block consists of an engine block with a crank- 
shaft and piston/connecting rod assemblies already installed. All new 
bearings are incorporated and all clearances will be correct. The existing 
camshaft, valve train components, cylinder head(s) and external parts can 
be bolted to the short block with little or no machine shop work necessary. 

Long block — A long block consists of a short block plus an oil pump, 
oil pan, cylinder head(s), rocker arm cover(s), camshaft and valve train 
components, timing sprockets and chain or gears and timing cover. All 
components are installed with new bearings, seals and gaskets incorpo- 
rated throughout. The installation of manifolds and external parts is all 
that's necessary. 

Give careful thought to which alternative is best for you and discuss 
the situation with local automotive machine shops, auto parts dealers and 
experienced rebuilders before ordering or purchasing replacement parts. 


Engine overhaul – disassembly sequence 


1 It's much easier to disassemble and work on the engine if it's mounted 
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ona portable engine stand. A stand can often be rented quite cheaply from 
an equipment rental yard. Before the engine is mounted on a stand, the 
flywheel/driveplate should be removed from the engine. 

2 |fastandisn't available, it's possible to disassemble the engine with it 
blocked up on the floor. Be extra careful not to tip or drop the engine when 
working without a stand. 

3 If you're going to obtain a rebuilt engine, all external components 
must come off first, to be transferred to the replacement engine, just as 
they will if you're doing a complete engine overhaul yourself. These in- 
clude: 


Alternator and brackets 
Emissions control components 
Injection pump or fuel distributor 
Thermostat and housing cover 
Water pump 

Fuel lines and clamps 
Intake/exhaust manifolds 

Oil filter 

Engine mounts 

Clutch and flywheel/driveplate 
Engine rear plate 


Note: When removing the external components from the engine, pay 
close attention to details that may be helpful or important during installa- 
tion. Note the installed position of gaskets, seals, spacers, pins, brackets, 
washers, bolts and other small items. 


4 If you're obtaining a short block, which consists of the engine block, 
crankshaft, pistons and connecting rods all assembled, then the cylinder 
head(s), oil pan and oil pump will have to be removed as well. See Engine 
rebuilding alternatives for additional information regarding the different 
possibilities to be considered. 

5 If you're planning a complete overhaul, the engine must be disas- 
sembled and the internal components removed in the following order: 


Hocker arm cover(s) 

Intake and exhaust manifolds 
Rocker arms and pushrods 

Valve lifters 

Cylinder head(s) 

Timing cover 

Timing gears/chain and sprockets 
Camshaft 

Oil pan 

Oil pump 

Piston/connecting rod assemblies 
Crankshaft and main bearings 


6 Before beginning the disassembly and overhaul procedures, make 
sure the following items are available. Also, refer to Engine overhaul — 
reassembly sequence for a list of tools and materials needed for engine 
reassembly. 


Common hand tools 

Small cardboard boxes or plastic bags for storing parts 
Gasket scraper 

Ridge reamer 

Vibration damper puller 
Micrometers 

Telescoping gauges 

Dial indicator set 

Valve spring compressor 
Cylinder surfacing hone 

Piston ring groove cleaning tool 
Electric drill motor 

Tap and die set 

Wire brushes 

Oil gallery brushes 

Cleaning solvent 
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4.10 A small plastic bag, with an appropriate label, can be used 
to store the valve train components so they can be kept together 
and reinstalled in the original location 


4.12 Ifthe valve won't pull through the guide, deburr the edge of 
the stem end and the erea around the top of the keeper groove 
with a file or whetstone 


Cylinder head — disassembly 


Warning: Use extreme care when removing the cylinder head bolts from 
the engine. Failure to remove the cylinder head bolts in the correct order 
can cause the head to warp, or in extreme cases the head will crack. Refer 
to Chapter 2for GM cylinder head removal and Chapter 3 for Ford cylinder 
head removal. 

Note: New and rebuilt cylinder heads are commonly available for most en- 
gines at dealerships and auto parts stores. Due to the fact that some spe- 
cialized tools are necessary for the disassembly and inspection 
procedures, and replacement parts may not be readily available, it may be 
more practical and economical for the home mechanic to purchase re- 
placement heads rather than taking the time to disassemble, inspect and 
recondition the originals. 

1 Cylinder head disassembly involves removal of the intake and ex- 
haust valves and related components. If they're still in place, remove the 
rocker arm nuts, pivot balls and rocker arms from the cylinder head studs. 
Label the parts or store them separately so they can be reinstalled in their 
original locations. 

2 Before the valves are removed, arrange to label and store them, 
along with their related components, so they can be kept separate and re- 
installed in the same valve guides they are removed from (see illustra- 
tion). 

3 Compress the springs on the first valve with a Spring compressor and 
remove the keepers (see illustration). Carefully release the valve Spring 


4.11 Use а valve spring compressor to compress the spring, 
then remove the keepers from the valve stem 
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4.13 The pre-combustion chamber creater swirling motion of the 
air/fuel mixture to increase the efficiency of the diesel engine 


compressor and remove the retainer, the spring and the spring seat (if 
used). 

4 Pull the valve out of the head, then remove the oil seal from the guide. 
If the valve binds in the guide (won't pull through), push it back into the 
head and deburr the area around the keeper groove with a fine file or whet- 
stone (see illustration). 

5  Repeatthe procedure forthe remaining valves. Remember to keep all 
the parts for each valve together so they can be reinstalled in the same 
locations. 

6 Once the valves and related components have been removed and 
Stored in an organized manner, the head should be thoroughly cleaned 
and inspected. If a complete engine overhaul is being done, finish the en- 
gine disassembly procedures before beginning the cylinder head cleaning 
and inspection process. 
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Cylinder head — cleaning and inspection 


The GM and Ford diesel engines covered by this manual incorporate 
pre-combustion chambers in the cylinder heads to induce the air and fuel 
to mix by swirling (see illustration). This divides the combustion chamber 
into the pre-combustion chamber (larger area) and the space between the 
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NOZZLE SEAT 


BRASS DRIFT 
6.35mm (1/4 INCH) 


x 
203mm (8 INCH) ^ 


4.14 On Ford diesel engine cylinder heads, remove the 
pre-combustion chamber by tapping an it with a brass drift 
punch and hammer 


piston and cylinder head (smaller area). Close piston clearances pro- 
duces high turbulence in the ante chamber (larger area), promoting rapid 
combustion. The charge is forced out onto the piston (smaller area), agi- 
tating the entire mixture and resulting in more complete combustion. This 
design has an advantage over the more typical constant load system be- 
cause it allows a broader operating range and also provides less noise and 
effective emission control. On GM diese! engines, pre-combustion cham- 
bers must not be recessed into the cylinder head or protrude out of the cyl- 
inder head by more than 0.004 inch. On Ford diesel engines, remove the 
pre-combustion chamber (see illustration) with a hammer and a brass 
punch (1/4 x 8 inches) to avoid any erroneous readings of the cylinder 
head surface. Ford pre-chambers, must not protrude out of the cylinder 
head or be recessed into the cylinder head more than 0.0025 inch. 

1 Thorough cleaning of the cylinder head(s) and related valve train 
components, followed by a detailed inspection, will enable you to decide 
how much valve service work must be done during the engine overhaul. 
Note: /fthe engine was severely overheated, the cylinder head is probably 
warped (see Step 12). 


Cleaning 

2 Scrape all traces of old gasket material and sealing compound off the 
head gasket, intake manifold and exhaust manifold sealing surfaces. Be 
very careful not to gouge the cylinder head. Special gasket removal sol- 
vents that soften gaskets and make removal much easier are available at 
auto parts stores. 

3 Remove all built-up scale from the coolant passages. 

4 Runa stiff wire brush through the various holes to remove deposits 
that may have formed in them. 

5  Runanappropriate size tap into each of the threaded holes to remove 
corrosion and thread sealant that may be present. If compressed air is 
available, use it to clear the holes of debris produced by this operation. 
Warning: Wear eye protection when using compressed air! 

6 Clean the rocker arm pivot stud threads with a wire brush. 

7 Clean the cylinder head with solvent and dry it thoroughly. Com- 
pressed air will speed the drying process and ensure that all holes and re- 
cessedareas are clean. Note: Decarbonizing chemicals are available and 
may prove very useful when cleaning cylinder heads and valve train com- 
ponents. They are very caustic and should be used with caution. Be sure 
to follow the instructions on the container. 

8 Clean the rocker arms, pivot balls, nuts and pushrods with solvent 
and dry them thoroughly (don't mix them up during the cleaning process). 
Compressed air will speed the drying process and can be used to clean 
out the oil passages. 


4.15 The special plug insert kit is available from a GM parts 
department; Н consists of a brass plug, sealer and а plastic 
plug driver 
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4.16 Thoroughly clean the area around the hole with a 
wire brush 


9  Cleanallthe valve springs, spring seats, keepers and retainers (or ro- 
tators) with solvent and dry them thoroughly. Do the components from one 
valve at a time to avoid mixing up the parts. 

10 Scrape off any heavy deposits that may have formed on the valves, 
then use a motorized wire brush to remove deposits from the valve heads 
and stems. Again, make sure the valves don't get mixed up. 


Inspection 


Note 1: Be sure to perform all of the following inspection procedures be- 
fore concluding that machine shop work is required. Make a list of the 
items that need attention. 


Note 2: On diesel engines, a warped cylinder head is often the result of an 
overheated engine. A cracked cylinder head is often the result of air pock- 
ets in the water jacket. 


Note 3: On the 6.2L GM diesel engine cylinder heads (1982 and 1983 
only), a special core plug has been developed to prevent leakage from the 
head gasket. One ofthe plugs is located in the rear lower corner on the left 
headand the other plug is located on the front lower corner on the right 
head. A special brass plug kit (Part number 14079353) has been devel- 
oped to seal this problem area (see illustration). /t is available at a GM 
dealership parts department. 1985 and later years of the 6.2L have this 
hole eliminated. Follow these steps: 
a) Make sure the cylinder head is clean and the area around the hole 
is free of rust and head gasket material. 
b) Usea wire brush and thoroughly clean the sides of the hole to pre- 
pare a suitable surface for the glue to bond (see illustration). 
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4.17 Coat the perimeter of the plug with the sealer and insert it 
in the cylinder head 


4.19 Inspect the brass plug to make sure it is not protruding 
above the cylinder head 


с) Apply a bead of sealing compound (GM #1052624 — contained in 
the kit) around the perimeter of the core plug and position it in the 
cylinder head (see illustration). 

Use the plastic plug driver from the kit and drive the core plug into 
the cylinder head, making sure it is perfectly flush with the surface 
of the cylinder head (see illustration). 

Clean any excess sealer from the area and check to make sure the 
plug is level and does not protrude above the level of the cylinder 
head surface (see illustration). 

11 Inspect the head very carefully for cracks, evidence of coolant leak- 
age and other damage. If cracks are found, check with an automotive ma- 
chine shop concerning repair. If repair isn't possible, a new cylinder head 
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1982 LL-4 (Vin Code J) 

1983 and 1984 (all 6.2L) 
1985 and 1986 LH6 (Vin Code C) 
1985 and 1986 LH6 (VIN code J) 


GM pre-chamber parts identification 
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4.18 Use a plastic plug driver and force the plug into the cylinder 
head; drive the plug level with the surface of the cylinder head 


FIRE RING CRACKS FIRE RING 


MARK 


PRE-CUP CYLINDER 


ACCEPTABLE H UNACCEPTABLE 
La EAD CRACKS EXTEND BEYOND 
FIRE ARING MARK 


4.20 Check the pre-chamber area very carefully for any cracks 
that exceed the acceptable limit 


should be obtained. Note: Check carefully for hairline cracks in the pre- 
chamber area on all engines. The cracks on the face of the pre-chamber 
start at the edge ofthe fire slot (see illustration) and proceed toward the 
circular impression of the head gasket bead. These cracks are a form of 
Stress relief and are completely harmless up to a length of 3/16 of an inch. 
Cracks longer than this approach the head gasket sealing bead. Replace 
any pre-chambers that display the excess cracks with new parts. 
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4.21 Check the cylinder head gasket surface for warpage by 
trying to slip & feeler gauge under the straightedge (see this 


Chapter's Specifications for the maximum warpage allowed and 
use п feeler gauge of that thickness) 


DRIVE ON OUTER AREA 
OF PRE-CHAMBER ONLY 


€» o 
4.22 On GM models 1982 through 1984 LH6 and LL4, the 
pre-chamber is cast from nickel base stainless steel, is 
non-magnetic and marked M,N, or P (check the table for the 
particular pre-chamber part number) 


4 | 


4.23 A dial indicator can be used to determine the valve 
stem-to-guide clearance (move the valve stem ав indicated 
by the arrows) 


EFFECT OF EXTREMELY EXCESSIVE VALVE 
VALVE CLEARANCE таг 
VALVE TIPPING SEAT 

DAMAGE 


y УУУУ, 
ХУУ 


‚ФУУ 


pu 


EFFECT OF MODERATELY EXCESSIVE 
VALVE CLEARANCE 


"V IBPPB B, , P B, , à: , P, ,PEZZA 


[E 


STRIKES 
HERE 


4.24 The effects of excessive valve guide clearance on the wear 
of the valve(s) 


12 Usingastraightedge and feeler gauge, check the head gasket mating 
surface for warpage (see illustration). If the warpage exceeds the limit 
listed in this Chapter's Specifications, it can be resurfaced at an automo- 
tive machine shop. Note: On GM diesel engines, the prechambers must 
not be recessed into the head or protrude out of the head more than 0.004 
inch or a head gasket leak may result. This measurement must be taken 
attwo or more points on the prechamber where the head gasket sealing 
ring mates with the prechamber(see illustration). Use a straightedge ora 
dial caliper to measure the difference. If it exceeds 0.004 inch either way 
(protruded or recessed), have the prechamber serviced by a professional 
machine shop. On Ford diesel engines, remove the pre-chambers using a 
1/4inch x 8 inch brass punch or drift and a hammer(see illustration 4.14). 
To avoid erroneous readings, remove the pre-chamber inserts prior to 
checking the cylinder head surface for warpage. 

13 Examine the valve seats in each of the combustion chambers. If 
they're pitted, cracked or burned, the head will require valve service that's 
beyond the scope of the home mechanic. Clean and inspect pre-cham- 
bers and ports for cracks and deformations. Replace any damaged pre- 
chambers with new units. 

14 Check the valve stem-to-guide clearance by measuring the lateral 
movement of the valve stem with a dial indicator attached securely to the 
head (seeillustration). The valve mustbe inthe guide and approximately 
1/16-inch off the seat. The total valve stem movement indicated by the 
gauge needle must be divided by two to obtain the actual clearance. After 
this is done, if there's still some doubt regarding the condition of the valve 
guides they should be checked by an automotive machine shop (the cost 
should be minimal). Note: Excessive guide clearance prevents adequate 
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VALVE 


ЕТЕМ END 
DAMAGED 


EXCESSIVE VALVE 
— ETEM WEAR 
4.25 The condition of 8 severely worn 


valve versus a good valve 
(wear exaggerated for clarity) 
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4.26a Check the valve seat width using a special tool or n 
finely graduated ruler 


4.27 Measure the free length of each valve spring with a dial or 
vernier caliper 


cooling ofthe valve through the guide and allows the valve to tilt or tip. This 
can cause valve breakage at high engine speed. These conditions pre- 
vent the valve from seating properly and combustion leakage will occur 
(see illustration). Diesel engines rely on extremely high pressures in the 
combustion chamber to heat the air that ignites the fuel. Any leakage of the 
pressure will severely affect the ignition of the fuel. If the leakage past the 
valve face is excessive, the fuel will not ignite. This is much more critical 
than a gasoline engine because the air/fuel ratio would normally ignite 
even with leaky valves because it has a spark to set the fuel off. 


4.26b The margin width on each valve must be as specified (if 
me margin exists, the valve cannot be reused) 


4.28 Check each valve spring for squareness 


Valves 


15 Carefully inspect each valve face for uneven wear, deformation, 
cracks, pits and burned areas (see illustration). Check the valve stem for 
scuffing and galling and the neck for cracks. Rotate the valve and check for 
any obvious indication that it’s bent. Look for pits and excessive wear on 
the end of the stem. The presence of any of these conditions indicates the 
need for valve service by an automotive machine shop. Note: Whena die- 
selis rebuilt because of high mileage, look carefully for problems such as 
peened valve faces and worn valve stems. 
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4.29a The valve rotators can be checked by turning the inner 
and outer sections in opposite directions — feel for smooth 
movement and excessive play 


ROCKER 
NES 
ROCHER HYDRAULIC 
M VALVE LIFTER 
WITH ROLLER 
VALVE VALVE CAM FOLLOWER 


SPRING 


POST 
RETAINER 
ROCKER VALVE 
ARM SPHINO 
POST 
ROCKER HYDRAULIC 
ARM VALVE LIFTER 
WITH ROLLER 


CAM FOLLOWER 
4.29c Valve train on a 7.3L Ford engine — exploded view 


16 Measurethe seat width and margin width on each valve (seeillustra- 
tions). Any seator valve out of specification will have to be replaced with a 
new one. 

17 Check each valve spring for wear (on the ends) and pits. Measure the 
free length and compare it to the Specifications (see illustration). Any 
springs that are shorter than specified have sagged and should not be re- 
used. The tension of all springs should be checked with a special fixture 
before deciding that they're suitable for use in a rebuilt engine (take the 
springs to an automotive machine shop for this check). 

18 Stand each spring on a flat surface and check it for squareness (see 
illustration). If any of the springs are distorted or sagged, replace all of 
them with new parts. 

19 Checkthe spring retainers (or rotators) and keepers for obvious wear 
and cracks. Any questionable parts should be replaced with new ones, as 
extensive damage will occur if they fail during engine operation. Make sure 
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4.29b The valve rotators are located on the bottom of the valve 
spring assembly ап Ford 7.3L diesel engines 
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4.29d Valve train on a GM 5.7L engine — exploded view 


the rotators operate smoothly with no binding or excessive play (see illus- 
trations). 

20 Checkthe rocker arm faces (the areas that contact the pushrod ends 
and valve stems) for pits, wear, galling, score marks and rough spots. 
Check the rocker arm pivot contact areas and pivot balls as well. Look for 
cracks in each rocker arm and nut. 

21 Inspectthe pushrod ends for scuffing and excessive wear. Roll each 
pushrod on a/lat surface, like a piece of plate glass, to determine if it's 
bent. 

22 Check the rocker arm studs in the cylinder heads for damaged 
threads and secure installation. 

23 Апу damaged or excessively worn parts must be replaced with new 
ones. 

24 If the inspection process indicates that the valve components are in 
generally poor condition and worn beyond the limits specified, which is 
usually the case in an engine that's being overhauled, reassemble the 
valves in the cylinder head and refer to the next Section for valve servicing 
recommendations. 


Valves – servicing 


1 Because of the complex nature of the job and the special tools and 
equipment needed, servicing of the valves, the valve seats and the valve 
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PUSH THE VALVE SEAL 
SQUARELY ONTO THE 
VALVE STEM UNTIL THE 
VALVE STEM BOTTOMS 

IN THE TOOL 


CHECK FOR \ 22 


4.30 Valve stem seal installation details 


guides, commonly known as a valve job, should be done by a professional. 
2 The home mechanic can remove and disassemble the head, do the 
initial cleaning and inspection, then reassemble and deliver it to a dealer 
service department or an automotive machine shop for the actual service 
work. Doing the inspection will enable you to see what condition the head 
and valvetrain components are in and will ensure that you know what work 
and new parts are required when dealing with an automotive machine 
shop. 

3 The dealer service department, or automotive machine shop, will re- 
move the valves and springs, recondition or replace the valves and valve 
seats, recondition the valve guides, check and replace the valve springs, 
spring retainers or rotators and keepers (as necessary), replace the valve 
seals with new ones, reassemble the valve components and make sure 
the installed spring height is correct. The cylinder head gasket surface will 
also be resurfaced if it's warped. 

4 Afterthe valve job has been performed by a professional, the head will 
be in like-new condition. When the head is returned, be sure to clean it 
again before installation on the engine to remove any metal particles and 
abrasive grit that may still be present from the valve service or head resur- 
facing operations. Use compressed air, if available, to blow out all the oil 
holes and passages. 


— —————————.— —_————. 
Cylinder head — reassembly 
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1 | Regardless of whether or not the head was sent to an automotive re- 
pair shop for valve servicing, make sure it's clean before beginning reas- 
sembly. 

2 If the head was sent out for valve servicing, the valves and related 
components will already be in place. Begin the reassembly procedure with 
Step 8. Note: /fthe pre-chambers were removed forservicing, installthem 
into their respective places in the cylinder head. Apply a light coat of steer- 
ing linkage lube or equivalent to the mounting edge of the pre-chamber. 
Tap the unit with a plastic tipped hammer. Be sure the notches are correct- 
ly aligned. 

3 Install new seals on each of the intake valve guides. Using ahammer 
and a deep socket or seal installation tool, gently tap each seal into place 
until it's completely seated on the guide (see illustration). Don't twist or 
cock the seals during installation or they won't seal properly on the valve 
stems. The umbrella-type seals (if used) are installed over the valves after 
the valves are in place. Note: The 5.7L GM diesel engine uses either a 
Standard or an oversize valve stem seal: 


Intake 


Standard to 0.005 in (oversize) .................... Gray 

ООЛО ООЛ ЗП (ӨЗӨК ӨЙӨӨ) ....................... Orange 
Exhaust 

Standard to 0.005 in. (oversize) .................... Ivory 

OM ONGIOIONSIiNe Oversize ................ SEES Blue 


distance from the top of the seat/shims to the top of the spring or 
spring shield) 


‚015° MINIMUM BETWEEN 
VALVE STEM AND GAGE 


4.32 Measuring valve stem height cn GM diesel engines 


4 Beginning at one end of the head, lubricate and install the first valve. 
Apply moly-base grease or clean engine oil to the valve stem. 

5 Drop the spring seat or shim(s) over the valve guide and setthe valve 
spring and retainer (or rotator) in place. The rotator will be in different posi- 
tions depending on the make and model of the engine (see illustrations 
4.24c and 4.244). 

6 Compress the springs with a valve spring compressor and carefully 
install the keepers in the upper groove, then slowly release the compres- 
sor and make sure the keepers seat properly. Apply a small dab of grease 
to each keeper to hold it in place, if necessary. 

7 Repeat the procedure for the remaining valves. Be sure to return the 
components to their original locations — don’t mix them up! 

8 Check the installed valve spring height with a ruler graduated in 
1/32-inch increments or a dial caliper. If the head was sent out for service 
work, the installed height should be correct (but don’t automatically as- 
sume that itis). The measurementis taken fromthe top of each spring seat 
or shim(s) to the bottom of the retainer (see illustration). If the height is 
greater than the figure listed in this Chapter's Specifications, shims canbe 
added under the springs to correct it. Caution: Don 't, under any circum- 
stances, shim the springs to the point where the installed height is less 
than specified. 
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4.33 Measuring rotator height on GM diesels 


9 On GM diesel engines, measure the valve stem height (see illustra- 
tion). Install the special tool (BT-6428) and make sure the surface of the 
cylinder head is clean and free of any gasket material or burrs. There 
should be a 0.015 inch clearance on each valve between the gauge sur- 
face and the end of the valve stem. If the valve stem clearance is less than 
0.015 in, remove the tip of the valve stem on a valve refacing machine to 
insure a smooth, 90-degree edge on the end. Also break the sharp edge 
from the valve stem tip after removing the excess metal. 

10 On GM diesel engines, measure the rotator height using the same 
special tool (BT-6428) (see illustration). The clearance between the 
valverotator andthe gauge should be atleast 0.030 inch. If any valve stem 
end is less than 0.005 inch above the rotator, the valve is too short and a 
new valve must be installed. 

11 Apply moly-base grease to the rocker arm faces and the pivots, then 
install the rocker arms and pivots. 


Pistons/connecting rods — removal - 


Note 1: Prior to removing the piston/connecting rod assemblies, remove 
the cylinder head(s), the oil pan and the oil pump by referring to the appro- 
priate Sections in either Chapter 2 for GM or Chapter 3 for Ford. 


Note 2: On 6.9L and 7.3L Ford diesel engines, if the pistons are to be re- 
moved, it is necessary to remove the piston oil cooling nozzles first. Their 
purpose is to provide a spray of oil into the bottom of the piston (see illus- 
tration) to help absorb some of the heat that occurs from the high temper- 
ature combustion. Remember, a diesel engine is exposed to much more 
heat and pressure than a gasoline engine! 

1 On Ford diesel engines, the piston oil cooling jets (nozzles) can be 
removed by clamping a pair of locking pliers onto the jet and placing a pry- 
bar under the pliers and lifting up (see illustration). 

2  Useyourfingernailto feel if a ridge has formed at the upper limit of ring 
travel (about 1/4-inch down from the top of each cylinder). If carbon depos- 
its or cylinder wear have produced ridges, they must be completely re- 
moved with a special tool (see illustration). Follow the manufacturer's in- 
structions provided with the tool. Failure to remove the ridges before at- 
tempting to remove the piston/connecting rod assemblies may result in 
piston breakage. 

3 After the cylinder ridges have been removed, turn the engine upside- 
down so the crankshaft is facing up. 


4.35 Usea pair of locking pliers and a prybar to lift the oil 
cooling jet from the engine block 


PISTON COOLING NOZZLES 


4.34 Ford diesel engines ars equipped with piston cooling nozzles to help lower the temperature of the piston and cylinders 
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4.36 A ridge reamer is required to remove the ridge from the top 
of each cylinder — do this before removing the pistons! 


4.38 Mark the rod bearing caps in order from the front of the 
engine to the rear (one mark for the front cap, two for the second 
one and s9 on) 


4.39 To prevent damage to the crankshaft journals and cylinder 
walls, slip sections of rubber or plastic hose over the rod bolts 
before removing the pistons 
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4.37 Check the connecting rod side clearance with a feeler 
gauges shown 


4  Beforetheconnecting rods are removed, checkthe endplay with feel- 
er gauges. Slide them between the first connecting rod and the crankshaft 
throw until the play is removed (see illustration). The endplay is equal to 
the thickness of the feeler gauge(s). If the endplay exceeds the service 
limit, new connecting rods will be required. If new rods (or a new crank- 
shaft) are installed, the endplay may fall under the specified minimum (if it 
does, the rods will have to be machined to restore it — consult an automo- 
tive machine shop for advice if necessary). Repeat the procedure for the 
remaining connecting rods. 

5 Check the connecting rods and caps for identification marks. If they 
aren'tplainly marked, use a small center-punch (seeillustration) to make 
the appropriate number of indentations on each rod and cap (1, 2, 3, etc., 
depending on the engine type and cylinder they're associated with). 

6  Loosen each of the connecting rod cap nuts 1/2-turn at a time until 
they can be removed by hand. Remove the number one connecting rod 
cap and bearing insert. Don't drop the bearing insert out of the cap. 

7  Slipashortlength of plastic or rubber hose over each connecting rod 
cap bolt to protect the crankshaft journal and cylinder wall as the piston is 
removed (see illustration). 

8 Remove the bearing insert and push the connecting rod/piston as- 
sembly out through the top of the engine. Use a wooden hammer handle to 
push on the upper bearing surface in the connecting rod. If resistance is 
felt, double-check to make sure that all of the ridge was removed from the 
cylinder. 

9 Repeat the procedure for the remaining cylinders. 

10 After removal, reassemble the connecting rod caps and bearing in- 
serts in their respective connecting rods and install the cap nuts finger 
tight. Leaving the old bearing inserts in place until reassembly will help 
prevent the connecting rod bearing surfaces from being accidentally 
nicked or gouged. 

11 Don't separate the pistons from the connecting rods. 


eee 
Crankshaft — removal 
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Note: The crankshaft сап be removed only after the engine has been re- 
moved trom the vehicle. It's assumed that the flywheel or driveplate, vibra- 
tion damper, timing chain, oil pan, oil pump and piston/connecting rod 
assemblies have already been removed. If your engine is equipped with a 
one-piece rear main oil seal, the seal housing must be unbolted and Sepa- 
rated from the block before proceeding with crankshaft removal. 

1 Before the crankshaft is removed, check the endplay. Mount a dial in- 
dicator with the stem in line with the crankshaft and just touching one of the 
crank throws (see illustration). 

2 Push the crankshaft all the way to the rear and zero the dial indicator. 
Next, pry the crankshaft to the front as far as possible and check the read- 
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DIAL 
INDICATOR 


MAIN К 
BEARING 


4.42 Use а center-punch ст number stamping dies to mark the 
main bearing caps to ensure installation in their original locations 
on the block (make the punch marks near one of the bolt heads) 


ing on the dial indicator. The distance that it moves is the endplay. If it's 
greater than limit listed in this Chapter's Specifications, check the crank- 
shaft thrust surfaces for wear. If no wear is evident, new main bearings 
should correct the endplay. 

3 Ifadialindicatorisn’t available, feeler gauges can be used. Gently pry 
or push the crankshaft all the way to the front of the engine. Slip feeler 
gauges between the crankshaft and the front face of the thrust main bear- 
ing (usually the center [number 3] main bearing) to determine the clear- 
ance (see illustration). 

4 Check the main bearing caps to see if they're marked to indicate their 
locations. They should be numbered consecutively from the front of the 
engine to the rear. If they aren't, mark them with number stamping dies ora 
center-punch (see illustration). Main bearing caps generally have acast- 
in arrow, which points to the front of the engine (see illustration). Loosen 
the main bearing cap bolts 1/4-turn at a time each, until they can be re- 
moved by hand. Note if any stud bolts are used and make sure they're re- 
turned to their original locations when the crankshaft is reinstalled. 

5  Gentlytapthe caps with a soft-face hammer, then separate them from 
the engine block. If necessary, use the bolts as levers to remove the caps. 
Try not to drop the bearing inserts if they come out with the caps. 

6 Carefully lift the crankshaft out of the engine. It may be a good idea to 
have an assistant available, since the crankshaft is quite heavy. With the 
bearing inserts in place in the engine block and main bearing caps, return 
the caps to their respective locations on the engine block and tighten the 
bolts finger tight. 


4.43 The amuw an the main bearing cap indicates the front of 
the engine 


4.44 The core plugs should be removed with a puller — if they're 
driven into the block, they may be impossible to retrieve 


Engine block — cleaning 


Caution: The core plugs (also known as freeze plugs or soft plugs) may be 
difficult or impossible to retrieve if they're driven into the block coolant pas- 
sages. 

1 Drillasmall hole in the center of each core plug and pull them out with 
an auto body type dent puller (see illustration). 
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4.45 All bolt holes in the block — particularly the main bearing 
cap and head bolt holes – should be cleaned and restored with в 
tap (be sure to remove debris from the holes after this is done) 


С 


4.47а Measure the diameter of each cylinder just under the wear 
ridge (A), at the center (B) and at the bottom (C) 


———————————————————————ÓM— 


2  Usingagasket scraper, remove all traces of gasket material from the 
engine block. Be very careful not to nick or gouge the gasket sealing sur- 
faces. 

,3 Remove the main bearing caps and separate the bearing inserts from 
the caps andthe engine block. Tag the bearings, indicating which cylinder 
they were removed from and whether they were in the cap or the block, 
then set them aside. 

4 Remove all of the threaded oil gallery plugs from the block. The plugs 
are usually very tight -- they may have to be drilled out and the holes re- 
tapped. Use new plugs when the engine is reassembled. 

5 Ifthe engine is extremely dirty it should be taken to an automotive ma- 
chine shop to be steam cleaned or hot tanked. 

6  Afterthe block is returned, clean all oil holes and oil galleries one more 
time. Brushes specifically designed for this purpose are available at most 
auto parts stores. Flush the passages with warm water until the water runs 
clear, dry the block thoroughly and wipe all machined surfaces witha light, 
rust preventive oil. If you have access to compressed air, use it to speed 
the drying process and to blow out all the oil holes and galleries. Warning: 
Wear eye protection when using compressed air! 

7 — Ifthe blockisn’t extremely dirty or sludged up, you can do an adequate 
cleaning job with hot soapy water and a stiff brush. Take plenty of time and 
do a thorough job. Regardless of the cleaning method used, be sure to 
clean all oil holes and galleries very thoroughly, dry the block completely 
and coat all machined surfaces with light oil. 
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4.46 А large socket оп sn extension can be used to drive the 
new core plugs into the bores 


"EX 


4.47b The ability to "feel" when the telescoping gauge is at the 
correct point will be developed over time, so work slowly and 
repeat the check until you're satisfied the bore measurement 
is accurate 


4.47c The gauge is then measured with a micrometer to 
determine the bore size 


8 The threaded holes in the block must be clean to ensure accurate 
torque readings during reassembly. Run the proper size tap into each of 
the holes to remove rust, corrosion, thread sealant or sludge and restore 
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4.48 A "bottle brush" hone will produce better results if you've 
never honed cylinders before 


damaged threads (see illustration). If possible, use compressed air to 
clear the holes of debris produced by this operation. Now is a good time to 
clean the threads on the head bolts and the main bearing cap bolts as well. 
9 Reinstall the main bearing caps and tighten the bolts finger tight. 
10 After coating the sealing surfaces of the new core plugs with Perma- 
tex no. 2 sealant, install them in the engine block (see illustration). Make 
sure they're driven in straight and seated properly or leakage could result. 
Special tools are available for this purpose, but a large socket, with an out- 
side diameter that will just slip into the core plug, a 1/2-inch drive extension 
and a hammer will work just as well. 

11 Apply non-hardening sealant (such as Permatex no. 2 or Teflon pipe 
sealant) to the new oil gallery plugs and thread them into the holes in the 
block. Make sure they're tightened securely. 

12 Ifthe engine isn't going to be reassembled right away, cover it with a 
large plastic trash bag to keep it clean. ` 
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Engine block — inspection 
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1 Before the block is inspected, it should be cleaned as described in the 
previous Section. 

2  Visually check the block for cracks, rust and corrosion. Look for 
stripped threads in the threaded holes. It's also a good idea to have the 
block checked for hidden cracks by an automotive machine shop that has 
the special equipmentto do this type of work. If defects are found, have the 
block repaired, if possible, or replaced. 

3 Check the cylinder bores for scuffing and scoring. 

4 Measure the diameter of each cylinder at the top (just under the ridge 
area), center and bottom of the cylinder bore, parallel to the crankshaft 
axis (see illustrations). 

5 Next, measure each cylinder’s diameter at the same three locations 
across the crankshaft axis. Compare the results to this Chapter's Specifi- 
cations. 

6 ifthe required precision measuring tools aren't available, the piston- 
to-cylinder clearances can be obtained, though not quite as accurately, 
using feeler gauge stock. Feeler gauge stock comes in 12-inch lengths 
and various thicknesses and is generally available at auto parts stores. 
7  Tocheck the clearance, select a feeler gauge and slip it into the cylin- 
der along with the matching piston. The piston must be positioned exactly 
as it normally would be. The feeler gauge must be between the piston and 
cylinder on one of the thrust faces (90-degrees to the piston pin bore). 
8 Тһе piston should slip through the cylinder (with the feeler gauge in 
place) with moderate pressure. 

9  Ifitfalls through or slides through easily, the clearance is excessive 
and anew piston will be required. If the piston binds at the lower end ofthe 
cylinder and is loose toward the top, the cylinder is tapered. If tight spots 


CROSSHATCH 
PATTERN 


4.49 The cylinder hone should leave a smooth, crosshatch 
pattern with the lines intersecting at approximately а 60-degree 
angle for the Ford engines and a 45 to 65-degree angle for the 

GM engines 


are encountered as the piston/feeler gauge is rotated in the cylinder, the 
cylinder is out-of-round. 

10 Repeat the procedure for the remaining pistons and cylinders. 

11 If the cylinder walls are badly scuffed or scored, or if they're out-of- 
round or tapered beyond the limits given in this Chapter's Specifications, 
have the engine block rebored and honed at an automotive machine shop. 
If a rebore is done, oversize pistons and rings will be required. 

12 Ifthe cylinders are in reasonably good condition and not worn to the 
outside of the limits, and if the piston-to-cylinder clearances can be main- 
tained properly, then they don't have to be rebored. Honing is all that's nec- 
essary. 
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Cylinder honing 


—————————————————— 


1 Prior to engine reassembly, the cylinder bores must be honed so the 
new piston rings will seat correctly and provide the best possible combus- 
tion chamber seal. Note: /f you don't have the tools or don't want to tackle 
the honing operation, most automotive machine shops will do it for a rea- 
sonable fee. 

2 Before honing the cylinders, install the main bearing caps and tighten 
the bolts to the torque listed in this Chapter’s Specifications. 

3 Twotypes ofcylinder hones are commonly available —the flex hone or 
"bottle brush" type and the more traditional surfacing hone with spring- 
loaded stones. Both will do the job, but for the less experienced mechanic 
the "bottle brush" hone will probably be easier to use. You'll also need 
some kerosene or honing oil, rags and an electric drill motor. Proceed as 
follows: 

a) Mount the hone in the drill motor, compress the stones and slip it 
into the first cylinder (see illustration). Be sure to wear safety 
goggles or a face shield! 

Lubricate the cylinder with plenty of honing oil, turn on the drill and 
move the hone up-and-down in the cylinder at a pace that will pro- 
duce a fine crosshatch pattern on the cylinder walls. Ideally, the 
crosshatch lines should intersect at approximately a 60-degree 
angle on all Ford diesel engines and 45 to 65-degrees on all GM 
diesel engines (see illustration). Be sure to use plenty of lubricant 
and don't take off any more material than is absolutely necessary 
to produce the desired finish. Note: Piston ring manufacturers may 
specify a smaller or larger crosshatch angle — read and follow any 
instructions included with the new rings. 

Don't withdraw the hone from the cylinder while it's running. In- 
stead, shut off the drill and continue moving the hone up-and-down 
in the cylinder until it comes to a complete stop, then compress the 
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4.50 Use a special Ford tool (Rotunda 014-00307) to install the 
piston cooling jet 


TARGET 
TOOL PROBE 


TARGET TOOL 
TEMPLATE 


4.52 Uses special Ford tool (Rotunda 014-00311) to align the jet 
in the engine block l 


stones and withdraw the hone. If you're using a "bottle brush” type 
hone, stop the drill motor, then turn the chuck in the normal direction 
of rotation while withdrawing the hone from the cylinder. 
d) Wipe the oil out of the cylinder and repeat the procedure for the re- 
maining cylinders. 
4 Afterthe honing job is complete, chamfer the top edges of the cylinder 
bores with a small file so the rings won't catch when the pistons are in- 
stalled. Be very careful not to nick the cylinder walls with the end of the file. 
5 The entire engine block must be washed again very thoroughly with 
warm, soapy water to remove all traces of the abrasive grit produced dur- 
ing the honing operation. Note: The bores can be considered clean when 
a lint-free white cloth- dampened with clean engine oil- used to wipe them 
out doesn't pick up any more honing residue, which will show up as gray 
areas on the cloth. Be sure to runa brush through all oil holes and galleries 
and flush them with running water. 
6 After rinsing, dry the block and apply a coat of light rust preventive oil 
to all machined surfaces. 
7 OnFord6.9L and 7.3L diesel engines, install the piston oil cooling jets 
into the engine block. Use a special tool (Rotunda 014-00307) positioned 
over the saddles of the main bearing (see illustration). Place the new oil 
cooling jet into the tool and align it directly over the hole. 
8 Startthe jet by lightly tapping the tool with a hammer (see illustra- 
tion). Continue hitting the tool with a hammer until the drive bottoms onto 
the body of the tool. 
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4.53 The piston ring grooves can be cleaned with a special tool, 
Ё5 shown here, ... 


4.94 ...ora section of a broken ring 


9 Verify that the cooling jet is properly aligned by using a special tool 
(Rotunda 014-00311). The pointer must locate in the target hole (see il- 
lustration). If not, slightly bend the cooling jet tube until the pointer is 
aligned correctly. 
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4.55 Check the ring side clearance with а feeler gauge at several 
points around the groove 


10 Wrap the block in a plastic trash bag to keep it clean and set it aside 
until reassembly. 


Pistons/connecting rods — inspection 


Note: Оп 6.2L GM diesel engines, the pistons are match fitted to each cyl- 
inder bore of the engine. The size code is stamped on the piston face. Size 
codes A, B, C, D, E and G are used to match the piston and cylinder bore. 
"A"size pistons are matched with "A" size cylinder bores and "B" size pis- 
tons with "B"size pistons, etc. The size codes are stamped on the cylinder 
case pan rail and beside the proper cylinder. Also, refer to the Specifica- 
tions for the dimensions and brands of the special pistons. Bohn pistons 
are identified by the word BOHNNA LITE near the pin boss while Zollner 
pistons are identified by the letter Z with a circle around it also near the pin 
boss. 

1 Before the inspection process can be carried out, the piston/connect- 
ing rod assemblies must be cleaned and the original piston rings removed 
from the pistons. Note: Always use new piston rings when the engine is 
reassembled. 

2 Using a piston ring installation tool, carefully remove the rings from 
the pistons. Be careful not to nick or gouge the pistons in the process. 
3 Scrape all traces of carbon from the top of the piston. A handheld wire 
brush or a piece of fine emery cloth can be used once the majority of the 
deposits have been scraped away. Do not, under any circumstances, use 
a wire brush mounted in a drill motor to remove deposits from the pistons. 
The piston material is soft and may be eroded away by the wire brush. 
4 Use a piston ring groove cleaning tool to remove carbon deposits 
from the ring grooves (see illustration). If a tool isn't available, a piece 
broken off the old ring will do the job. Be very careful to remove only the 
carbon deposits — don't remove any metal and do not nick or scratch the 
sides of the ring grooves (see illustration). 

5  Oncethe deposits have been removed, clean the piston/rod assem- 
blies with solvent and dry them with compressed air (if available). Make 
sure the oil return holes in the back sides of the ring grooves are clear. 
6 Ifthe pistons and cylinder walls aren't damaged or worn excessively, 
and if the engine block is not rebored, new pistons won't be necessary. 
Normal piston wear appears as even vertical wear on the piston thrust sur- 
faces and slight looseness of the top ring in its groove. New piston rings, 
however, should always be used when an engine is rebuilt. 

7  Carefully inspect each piston for cracks around the skirt, at the pin 
bosses and at the ring lands. 

8  Lookfor scoring and scuffing on the thrust faces of the skirt, holes in 
the piston crown and burned areas at the edge of the crown. If the skirt is 
scored or scuffed, the engine may have been suffering from overheating 
and/or abnormal combustion, which caused excessively high operating 
temperatures. The cooling and lubrication systems should be checked 
thoroughly. A hole in the piston crown is an indication that abnormal com- 
bustion (preignition) was occurring. If only one or two pistons show heavy 
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4.56a On Ford 6.9L and 7.3L engines, measure the piston 
diameter 1 1/4-inches from the lower ring land 


PISTON TAPER 
MEASURE AT PISTON PIN CENTER 
AND BOTTOM OF SKIRT. 7 


p - O 


PISTON SIZE 
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OF PISTON PIN HOLE. 
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4.56b On GM 5.7L and 6.2L engines, measure the piston 
diameter 3/4-inch below the center of the piston pin hole 


scuffing, look for an improper piston-to-bore clearance. If any of the above 
problems exist, the causes must be corrected or the damage will occur 
again. The causes may include intake air leaks, head gasket leaks, im- 
proper clearances and EGR system malfunctions. 

9 Corrosion of the piston, in the form of small pits, indicates that coolant 
is leaking into the combustion chamber and/or the crankcase. Again, the 
cause must be corrected or the problem may persist in the rebuilt engine. 
10 Measure the piston ring side clearance by laying a new piston ring in 
eachring groove and slipping afeeler gauge in beside it (see illustration). 
Check the clearance at three or four locations around each groove. Be 
sure to use the correct ring for each groove — they are different. If the side 
clearance is greater than the figure listed in this Chapter's Specifications, 
new pistons will have to be used. 

11 Checkthe piston-to-bore clearance by measuring the bore (earlier in 
this Chapter) and the piston diameter. Make sure the pistons and bores 
are correctly matched. Measure the piston across the skirt, at a 90-degree 
angle with the piston pin (see illustrations). Subtract the piston diameter 
from the bore diameter to obtain the clearance. If it's greater than speci- 
fied, the block will have to be rebored and new pistons and rings installed. 
12 Checkthe piston-to-rod clearance by twisting the piston and rod in op- 
posite directions. Any noticeable play indicates excessive wear, which 
mustbe corrected. The piston/connecting rod assemblies should betaken 
to an automotive machine shop to have the pistons and rods resized and 
new pins installed. 

13 If the pistons must be removed from the connecting rods for any rea- 
son, they should be taken to an automotive machine shop. While they are 
there have the connecting rods checked for bend and twist, since automo- 
tive machine shops have special equipment for this purpose. Note: Un- 
less new pistons and/or connecting rods must be installed, do not 
disassemble the pistons and connecting rods. 


4.57 The oil holes should be chamfered so sharp edges don’t 
gouge or scratch the new bearings 
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4.59 Use a wire or stiff plastic bristle brush to clean the oil 
passages in the crankshaft 


14 Check the connecting rods for cracks and other damage. Temporarily 
remove the rod caps, lift out the old bearing inserts, wipe the rod and cap 
bearing surfaces clean and inspect them for nicks, gouges and scratches. 
After checking the rods, replace the old bearings, slip the caps into place 
and tighten the nuts finger tight. Note: /f the engine is being rebuilt be- 
cause of a connecting rod knock, be sure to install new rods. 


esse 
Crankshaft — inspection 
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1 Remove all burrs from the crankshaft oil holes with a stone, file or 
scraper (see illustration). 

2 Clean the crankshaft with solvent and dry it with compressed air (if 
available). Be sure to clean the oil holes with astiff brush (seeillustration) 
and flush them with solvent. 

З Checkthe main and connecting rod bearing journals for uneven wear, 
Scoring, pits and cracks. 

4  Rubapenny across each journal several times (see illustration). Ifa 
journal picks up copper from the penny, it’s too rough and must be re- 
ground. 

5 Check the rest of the crankshaft for cracks and other damage. It 
should be magnafluxed to reveal hidden cracks — an automotive machine 
shop will handle the procedure. 

6 Using a micrometer, measure the diameter of the main and connect- 
ing rod journals and compare the results to this Chapter's Specifications 
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4.58 Rubbing a penny lengthwise on each journal will reveal its 


condition — if copper rubs off and is embedded in the crankshaft, 
the journals should be reground 


4.60 Measure the diameter of each crankshaft journal at several 
points to detect taper and out-of-round conditions 


(see illustration). By measuring the diameter at a number of points 
around each journal's circumference, you'll be able to determine whether 
ornot the journal is out-of-round. Take the measurement ateach end ofthe 
journal, near the crank throws, to determine if the journal is tapered. 

7 Ifthe crankshaft journals are damaged, tapered, out-of-round or worn 
beyond the limits given in the Specifications, have the crankshaft re- 
ground by an automotive machine shop. Be sure to use the correct size 
bearing inserts if the crankshaft is reconditioned. 

8 Check the oil seal journals at each end of the crankshaft for wear and 
damage. If the seal has worn a groove in the journal, or if it's nicked or 
scratched, the new seal may leak when the engine is reassembled. In 
some cases, an automotive machine shop may be able to repair the jour- 
nal by pressing on a thin sleeve. If repair isn't feasible, a new or different 
crankshaft should be installed. 

9 Refertothe next Section and examine the main and rod bearing inserts. 


Main and connecting rod bearings — inspection 


1 Even though the main and connecting rod bearings should be re- 
placed with new ones during the engine overhaul, the old bearings should 
be retained for close examination, as they may reveal valuable informa- 
tion about the condition of the engine. 

2  Bearingfailure occurs because of lack of lubrication, the presence of 
dirt or other foreign particles, overloading the engine and corrosion. Re- 
gardless of the cause of bearing failure, it must be corrected before the 
engine is reassembled to prevent it from happening again. 
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4.61 When checking piston ring etd gap, the ring must be 
square in the cylinder bore (this is done by pushing the ring 
down with the top of a piston a= shown) 


4.62 With the ring square in the cylinder, measure the end gap 
with a feeler gauge 


3 When examining the bearings, remove them from the engine block, 
the main bearing caps, the connecting rods and the rod caps and lay them 
out on a clean surface in the same general position as their location in the 
engine. This will enable you to match any bearing problems with the corre- 
sponding crankshaft journal. 

4  Dirtandotherforeign particles get into the engine in a variety of ways. 
It may be left in the engine during assembly, or it may pass through filters or 
the crankcase ventilation system. It may get into the oil, and from there into 
the bearings. Metal chips from machining operations and normal engine 
wear are often present. Abrasives are sometimes left in engine compo- 
nents after reconditioning, especially when parts are not thoroughly 
cleaned using the proper cleaning methods. Whatever the source, these 
foreign objects often end up embedded in the soft bearing material and are 
easily recognized. Large particles will not embed in the bearing and will 
score or gouge the bearing and journal. The best prevention for this cause 
of bearing failure is to clean all parts thoroughly and keep everything spot- 
lessly clean during engine assembly. Frequent and regular engine oil and 
filter changes are also recommended. 

5  Lackoflubrication (or lubrication breakdown) has a number of interre- 
lated causes. Excessive heat (which thins the oil), overloading (which 
squeezes the oil from the bearing face) and oil leakage or throw off (from 
excessive bearing clearances, worn oil pump or high engine speeds) all 
contribute to lubrication breakdown. Blocked oil passages, which usually 
are the result of misaligned oil holes in a bearing shell, will also oil starve a 
bearing and destroy it. When lack of lubrication is the cause of bearing fail- 
ure, the bearing materíal is wiped or extruded from the steel backing of the 
bearing. Temperatures may increase to the point where the steel backing 
turns blue from overheating. 

6 Driving habits can have a definite effect on bearing life. Full throttle, 
low speedoperation (lugging the engine) puts very high loads on bearings, 


which tends to squeeze out the oil film. These loads cause the bearings to 
flex, which produces fine cracks in the bearing face (fatigue failure). Even- 
tually the bearing material will loosen in pieces and tear away from the 
steel backing. Short trip driving leads to corrosion of bearings because in- 
sufficient engine heat is produced to drive off the condensed water and 
corrosive gases. These products collect in the engine oil, forming acid and 
sludge. As the oil is carried to the engine bearings, the acid attacks and 
corrodes the bearing material. 

7 Incorrect bearing installation during engine assembly will lead to 
bearing failure as well. Tight fitting bearings leave insufficient bearing oil 
clearance and will result in oil starvation. Dirt or foreign particles trapped 
behind a bearing insert result in high spots on the bearing which lead to 
failure. 


Engine overhaul — reassembly sequence 


1 Beforebeginning engine reassembly, make sure you have all the nec- 
essary new parts, gaskets and seals as well as the following items on 
hand: 

Common hand tools 

A 1/2-inch drive torque wrench 

Piston ring installation tool 

Piston ring compressor 

Vibration damper installation tool 

Short lengths of rubber or plastic hose to fit over connecting rod bolts 

Plastigage 

Feeler gauges 

A fine-tooth file 

New engine oil 

Engine assembly lube or moly-base grease 

Gasket sealant 

Thread locking compound 


2 Inorderto save time and avoid problems, engine reassembly must be 
done in the following general order: 

New camshaft bearings (must be done by automotive machine shop) 

Piston rings 

Crankshaft and main bearings 

Piston/connecting rod assemblies 

Ой pump 

Camshaft and lifters 

Oil pan 

Timing chain and sprockets 

Cylinder head(s), pushrods and rocker arms 

Timing cover 

Intake and exhaust manifolds 

Rocker arm cover(s) 

Engine rear plate 

Flywheel/ariveplate 


Piston rings — installation 


1 Before installing the new piston rings, the ring end gaps must be 
checked. It's assumed that the piston ring side clearance has been 
checked and verified correct (earlier in this Chapter). 

2  Layoutthe piston/connecting rod assemblies and the new ring sets 
so the ring sets will be matched with the same piston and cylinder during 
the end gap measurement and engine assembly. 

3  Insertthetop (number one) ring into the first cylinder and square it up 
with the cylinder walls by pushing itin with the top of the piston (see illus- 
tration). The ring should be near the bottom of the cylinder, at the lower 
limit of ring travel. 

4  Tomeasure the end gap, slip feeler gauges between the ends of the 
ring until a gauge equal to the gap width is found (see illustration). The 
feeler gauge should slide between the ring ends with a slight amount of 
drag. Compare the measurement to this Chapter's Specifications. If the 
gap is larger or smaller than specified, double-check to make sure you 
have the correct rings before proceeding. 


4.63 Ifthe end gap is too small, clamp a file in a vise and file the 
ring ends (from the outside in only) to enlarge the gap slightly 
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4.65 Installing the spacer/expander in the oil control ring groove 


ass a 


4.66 DO NOT use a piston ring installation tool when installing 
the oil ring side rails 


5 Ifthe gapis too small, it must be enlarged or the ring ends may comein 
contact with each other during engine operation, which can cause serious 
damage to the engine. The end gap can be increased by filing the ring 
ends very carefully with a fine file. Mount the file in a vise equipped with 
softjaws, slip the ring over the file with the ends contacting the file face and 
slowly move the ring to remove material from the ends. When performing 
this operation, file only from the outside in (see illustration). 

6 Excess end gap isn't critical unless it's greater than 0.040-inch. 
Again, double-check to make sure you have the correct rings for your en- 
gine. 

7  Repeatthe procedure for each ring that will be installed in the first cyl- 
inder and for each ring in the remaining cylinders. Remember to keep 
rings, pistons and cylinders matched up. 

8 Once the ring end gaps have been checked/corrected, the rings can 
be installed on the pistons. 
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4.64a Exploded view of piston and rings en the GM 5.7L 
(1983 and earlier) 


. TOP COMPRESSION 
RING 

. SECOND COMPRESSION 
RING 


. OIL RING, GAP TO BE 
OPPOSITE GAP IN 
EXPANDER 


. EXPANDER 


. SNAP RING, INSTALL 
WITH GAP DOWN 


. PISTON PIN 


. PISTON AND ROD 
ASSEMBLY 


4.64b Exploded view of piston and rings an the GM 5.7L for 
1984. This year came equipped with a two-piece oil control ring 
consisting of a cast iron chrome faced ring with a coil spring 
expander. This design provides improved durability at 
high mileage 


9  Theoilcontrol ring (lowest one on the piston) is usually installed first 
(see illustrations). It's normally composed of three separate compo- 
nents, although some 5.7L engines have only two components. Slip the 
spacer/expander into the groove (see illustration). If ananti-rotation tang 
is used, make sure it's insertedinto the drilled hole inthe ring groove. Next, 
install the lower side rail. Don't use a piston ring installation tool on the oil 
ring side rails, asthey may be damaged. Instead, place one endofthe side 
rail into the groove between the spacer/expander and the ring land, hold it 
firmly in place and slide a finger around the piston while pushing the rail 
into the groove (see illustration). Next, install the upper side rail in the 
same manner. 

10 After the three oil ring components have been installed, check to 
make sure that both the upper and lower side rails can be turned smoothly 
in the ring groove. 

11 The number two (middle) ring is installed next. It's usually stamped 
with a mark which mustface up, toward the top ofthe piston. Note: A/ways 
follow the instructions printed on the ring package or box — different man- 
ufacturers may require different approaches. Do not mix up the top and 
middle rings, as they have different cross-sections. 

12 Use a piston ring installation tool and make sure the identification 
mark is facing the top of the piston, then slip the ring into the middle groove 
on the piston (see illustration). Don't expand the ring any more than nec- 
essary to slide it over the piston. 

13 Install the number one (top) ring in the same manner. Make sure the 
mark is facing up. Be careful not to confuse the number one and number 
two rings. 

14 Repeat the procedure for the remaining pistons and rings. 
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4.67 Installing the compression rings with а ring expander – the 
mark (arrow) must face up 


Crankshaft — installation and main bearing oil clearance check 


1 Crankshaft installation is the first step in engine reassembly. It's as- 
sumed at this point that the engine block and crankshaft have been 
cleaned, inspected and repaired or reconditioned. 

2 Position the engine with the bottom facing up. 

3  Removethe main bearing cap bolts and liftoutthe caps. Lay them out 
inthe proper order to ensure correctinstallation. Note: The 6.2L GM diesel 
engine block is designed to match fit the cylinder bore with the piston. This 
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4.68 Оп 6.21 GM diesel engines, check the block for the correct 
letter and number designations in order to match the 
correct bearings 


is accomplished by dividing the total tolerance size range into six different 
categories. Each one is designated with a letter (see illustration) that is 
stampedon the pan rail adjacentto the cylinder i.e. "A" size pistons for "A" 
size cylinder bores. The center or number 3 bearing is the thrust bearing. 
The main bearings are select fitted to each of the 5 main bearing bores. 
The proper size code is stamped on the pan rail at the corresponding main 
bearing bulkhead (see previous illustration). It will be stamped either 1, 2 
or3ontheside rail. Each of the sizes is matched to the corresponding size 
inthe lower half (case) only. The upper main bearings are match fitted from 
the specifications from the crankshaft main journal (cap). Measure the 
crankshaft main journal diameter and consult the chart (see illustration) 


Crankshaft Main Journal Diameter 


Front, Front Intermediate 
Center & Rear Intermediate 


Main Bearing 


Rear Main 


Bearing 


2.9495 to 2.9498 
Blue 


2.9498 to 2.9501 
Orange 


2.9501 to 2.9504 
White 


2.9493 to 2.9496 
Blue 


2.9496 to 2.9499 
Orange 


2.9499 to 2.9502 
White 


Cylinder & Case Main Bearing Bore Diameter 


0.001 U.S. in case 
0.001 U.S. in cap 


0.001 U.S. in case 
0.0005 U.S. in cap 


0.001 U.S. in case 
std in cap 


0.001 U.S. in case 
0.001 U.S. in cap 


0.001 U.S. in case 
0.0005 U.S. in cap 


0.001 U.S. in case 
std in cap 


4.69 Bearing chart 


0.0005 U.S. in case 
0.001 U.S. in cap 


0.0005 U.S. in case 
0.0005 U.S. in cap 


0.0005 U.S. in case 
std in cap 


0.0005 U.S. in case 
0.001 U.S. in cap 


0.0005 U.S. in case 
0.0005 U.S. in cap 


0.0005 U.S. in case 
std in cap 


P; = 3.1434 to 3.1437 (3) | 3.1431 to 3.1434 (2) 


3.1328 to 3.1431 (1) 


std in case 
0.001 U.S. in cap 


std in case 
0.0005 U.S. in cap 


std in case 
std in cap 


std in case 
0.001 U.S. in cap 


std in case 
0.0005 U.S. in cap 


std in case 
std in cap 
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4.70 Lay the Plastigage strips (arrow) on the main bearing 
journals, parallel to the crankshaft centerline 


to obtain the correct bearing for the upper (cap) insert. Use the number 
designation to obtain the correct bearing for the lower half (case). 

4 If they’re still in place, remove the original bearing inserts from the 
block and the main bearing caps. Wipe the bearing surfaces of the block 
and caps with a clean, lint-free cloth. They must be kept spotlessly clean. 


Main bearing oil clearance check 

5  Cleanthe back sides of the new main bearing inserts and lay one in 
each main bearing saddle in the block. If one of the bearing inserts from 
each set has a large groove in it, make sure the grooved insert is installed 
inthe block. Lay the other bearing from each set in the corresponding main 
bearing cap. Make sure the tab on the bearing insert fits into the recess in 
the block or cap. Caution: The oil holes in the block must line up with the oil 
holes in the bearing insert. Do not hammer the bearing into place and don't 
nick or gouge the bearing faces. No lubrication should be used at this time. 
6 Тһе flanged thrust bearing must be installed in the center cap and 
saddle. 

7 Clean the faces of the bearings in the block and the crankshaft main 
bearing journals with a clean, lint-free cloth. 

8 Check or clean the oil holes in the crankshaft, as any dirt here can go 
only one way — straight through the new bearings. 
‚9 Once you're certain the crankshaft is clean, carefully lay it in position 
in the main bearings. 

10 Before the crankshaft can be permanently installed, the main bearing 
oil clearance must be checked. 

11 Cut several pieces of the appropriate size Plastigage (they must be 
slightly shorter than the width of the main bearings) and place one pieceon 
each crankshaft main bearing journal, parallel with the journal axis (see 
illustration). 

12 Clean the faces of the bearings in the caps and install the caps in their 
respective positions (don't mix them up) with the arrows pointing toward 
the front of the engine. Don’t disturb the Plastigage. 

13 Starting with the center main and working out toward the ends, tighten 
the main bearing cap bolts, in three steps, to the torque listed in this Chap- 
ter's Specifications. Don't rotate the crankshaft at any time during this op- 
eration. 

14 Remove the bolts and carefully lift off the main bearing caps. Keep 
them in order. Don't disturb the Plastigage or rotate the crankshaft. If any 
of the main bearing caps are difficult to remove, tap them gently from side- 
to-side with a soft-face hammer to loosen them. 

15 Compare the width of the crushed Plastigage on each journal to the 
scale printed on the Plastigage envelope to obtain the main bearing oil 


4.71 Compare the width of the crushed Plastigage to the scale 
on the envelope to determine the main bearing oil clearance 
(always take the measurement at the widest point of the 
Plastigage); be sure to use the correct scale — standard and 
metric ones are included 


clearance (see illustration). Check the Specifications to make sure it's 
correct. 

16 If the clearance is not as specified, the bearing inserts may be the 
wrong size (which means different ones will be required). Before deciding 
that different inserts are needed, make sure that no dirt or oil was between 
the bearing inserts and the caps or block when the clearance was mea- 
sured. If the Plastigage was wider at one end than the other, the journal 
may be tapered (refer to the Crankshaft — inspection procedure in this 
Chapter). 

17 Carefully scrape all traces of the Plastigage material off the main 
bearing journals and/or the bearing faces. Use your fingernail or the edge 
of a credit card — don't nick or scratch the bearing faces. 


Final crankshaft installation 


18 Carefully lift the crankshaft out of the engine. 

19 Cleanthe bearing faces in the block, then apply athin, uniform layer of 
moly-base grease or engine assembly lube to each of the bearing sur- 
faces. Be sure to coat the thrust faces as well as the journal face of the 
thrust bearing. Ifthe engine is equipped with a two-piece rear main oil seal, 
refer to the next Section in this Chapter and install the seal halves in the 
cap and block. 

20 Make sure the crankshaft journals are clean, then lay the crankshaft 
back in place in the block. 

21 Clean the faces of the bearings in the caps, then apply lubricant to 
them. 

22 Instali the caps in their respective positions with the arrows pointing 
toward the front of the engine. 

23 Install the bolts. 

24 Tighten all except the thrust bearing cap bolts to the specified torque 
(work from the center out and approach the final torque in three steps). 

25 Tighten the thrust bearing cap bolts to 10-to-12 ft-lbs. 

26 Тар the ends of the crankshaft forward and backward with a lead or 
brass hammer to line up the main bearing and crankshaft thrust surfaces. 
27 Retighten all main bearing cap bolts to the specified torque, starting 
with the center main and working out toward the ends. 

28 On manual transmission equipped models, install a new pilot bearing 
in the end of the crankshaft. 

29 Rotate the crankshaft a number of times by hand to check for any ob- 
vious binding. 

30 Thefinal stepis to check the crankshaft endplay with a feeler gauge or 
adial indicator as described earlier in this Chapter. The endplay should be 
correct if the crankshaft thrust faces aren't worn or damaged and new 
bearings have been installed. 
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4.72 Rear main seal details 
on a GM 6.2L engine 


EEARING 
OIL SLINGER 


MACHINED ANULUS 


31 if you are working on an engine with a one-piece rear main oil seal, 
refer to the next Section and install the new seal, then bolt the housing to 
the block. 


Rear main oil seal installation 


Split-type (two-piece) seal 

1 Inspect the rear main bearing cap and engine block mating surfaces, 
as well as the seal grooves, for nicks, burrs and scratches. Remove any 
defects with a fine file or deburring tool. 

2 Install one seal section in the block (see illustration). If the seal is 
made of rope, pack the seal into the area using a special tool (GM tool 
J33153) until itis packed to a depth of 1/4 to 3/8-inch. Leave one end of the 
seal protruding from the block approximately 1/4 to 3/8-inch and make 
sure it's completely seated. 

3  Repeatthe procedure to installthe remaining seal half in the rear main 
bearing cap. In this case, leave the opposite end of the seal protruding 
from the cap the same distance the block seal is protruding from the block. 
4 During final installation of the crankshaft (after the main bearing oil 
clearances have been checked with Plastigage) as described in the pre- 
vious Section, apply a thin, even coat of anaerobic-type gasket sealant to 
the shaded areas of the cap or block (see illustration). Don't get any sea- 
lant on the bearing face, crankshaft journal, seal ends or seal lips. Also, 
lubricate the seal lips with moly-base grease or engine assembly lube. 
Note: To prevent the possibility of cylinder block or main bearing cap dam- 
age, the main bearing caps must be tapped onto the engine block with a 
brass hammer or a leather mallet before the main bearing bolts are tight- 
ened down. DO NOT use the bolts to pull the main bearing cap and block 
together. 


One-piece seal 

5 Somemodels are equipped with a one-piece seal that fits into a hous- 
ing attached to the block. The crankshaft must be installed first and the 
main bearing caps bolted in place, then the new seal should be installed in 
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4.73 Installing the lower portion of a rope-type rmar main seal 


the housing and the housing bolted to the block (see illustration 4.1). Re- 
fer to Chapter 3 for the Ford rear main seal installation procedure. 


Pistons/connecting rods — installation and rod bearing oil 
clearance check 


1 Before installing the piston/connecting rod assemblies, the cylinder 
walls must be perfectly clean, the top edge of each cylinder must be cham- 
fered, and the crankshaft must be in place. 

2  Removethecapfromthe endofthe numberone connecting rod (refer 
to the marks made during removal). Remove the original bearing inserts 
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4.74 Piston ring spacing кт Ford diesel engines 


and wipe the bearing surfaces of the connecting rod and cap with a clean, 
lint-free cloth. They must be kept spotlessly clean. 


Connecting rod bearing oil clearance check 

3  Cleanthebackside ofthe new upper bearing insert, then lay itin place 
inthe connecting rod. Make sure the tab on the bearing fits into the recess 
in the rod. Don't hammer the bearing insert into place and be very careful 
not to nick or gouge the bearing face. Don't lubricate the bearing at this 
time. 

4  Cleanthe back side of the other bearing insert and install itin the rod 
cap. Again, make sure the tab on the bearing fits into the recess in the cap, 
and don't apply any lubricant. It's critically important that the mating sur- 
faces of the bearing and connecting rod are perfectly clean and oil free 
when they're assembled. 

5 Position the piston compression ring gaps at a 120-degree interval 
around the piston on Ford engines (see illustration) and 180-degrees 
around the piston on GM engines (see illustration). 

6 Slip a section of plastic or rubber hose over each connecting rod cap 
bolt. 

7  Lubricatethepiston and rings with clean engine oil and attach a piston 
ring compressor to the piston. Leave the skirt protruding about 1/4-inch to 
guide the piston into the cylinder. The rings must be compressed until 
they're flush with the piston. 

8  Rotatethe crankshaft until the number one connecting rod journal is 
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at ВОС (bottom dead center) and apply a coat of engine oil to the cylinder 
walls. 

9  Withthe mark or notch on top of the piston (see illustrations) facing 
the front of the engine, gently insert the piston/connecting rod assembly 
into the number one cylinder bore and rest the bottom edge of the ring 
compressor on the engine block. Note: On 1982 through 1984 GM 5.7L 
diesel engines, the piston pin is positioned .045-inch off center to allow 
smoother running. If this offset is on the wrong side the engine will develop 
arapping noise once it is warmed up. Be sure to install the piston with the 
notch forward. 

10 Tapthe top edge of the ring compressor to make sure it's contacting 
the block around its entire circumference. 

11 Gently tap on the top of the piston with the end of a wooden hammer 
handle (see illustration) while guiding the end of the connecting rod into 
place on the crankshaft journal. The piston rings may try to pop out of the 
ring compressor just before entering the cylinder bore, so keep some 
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4.79 Measuring the width of the crushed Plastigage to determine 
the rod bearing oil clearance (be sure to изе the correct scale — 
standard and metric anes are included) 


downward pressure on the ring compressor. Work slowly, and if any resis- 
tance is felt as the piston enters the cylinder, stop immediately. Find out 
what's hanging up and fix it before proceeding. Do not, for any reason, 
force the piston into the cylinder— you might break a ring and/or the piston. 
12 Oncethe piston/connecting rod assembly is installed, the connecting 
rod bearing oil clearance must be checked before the rod cap is perma- 
nently bolted in place. 

13 Cutapiece ofthe appropriate size Plastigage slightly shorter than the 
width of the connecting rod bearing and lay it in place on the number one 
connecting rod journal, parallel with the journal axis (see illustration). 
14 Clean the connecting rod cap bearing face, remove the protective 
hoses from the connecting rod bolts and install the rod cap. Make sure the 
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4.77 Drive the piston gently into the cylinder bore with the end 
of a wooden or plastic hammer handle 


4.78 Lay the Plastigage strips on each rod bearing journal, 
parallel to the crankshaft centerline 


mating mark on the cap is on the same side as the mark on the connecting 
rod. 

15 Install the nuts and tighten them to the torque listed in this Chapter's 
Specifications, working up to itin three steps. Note: Usea thin-wall socket 
to avoid erroneous torque readings that can result if the socket is wedged 
between the rod cap and nut. If the socket tends to wedge itself between 
the nut and the cap, lift upon it slightly until it no longer contacts the cap. Do 
not rotate the crankshaft at any time during this operation. 

16 Removethe nuts and detach the rod cap, being very careful notto dis- 
turb the Plastigage. 

17 Compare the width of the crushed Plastigage to the scale printed on 
the Plastigage envelope to obtain the oil clearance (see illustration). 
Compare it to the Specifications to make sure the clearance is correct. 
18 If the clearance is not as specified, the bearing inserts may be the 
wrong size (which means different ones will be required). Before deciding 
that different inserts are needed, make sure that no dirt or oil was between 
the bearing inserts and the connecting rod or cap when the clearance was 
measured. Also, recheck the journal diameter. If the Plastigage was wider 
at one end than the other, the journal may be tapered (refer to the Crank- 
shaft-inspection procedure in this Chapter). 


Final connecting rod installation 


19 Carefully scrape all traces of the Plastigage material off the rod jour- 
nal and/or bearing face. Be very careful not to scratch the bearing — use 
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your fingernail or the edge of a credit card. 
20 Make sure the bearing faces are perfectly clean, then apply a uniform 
layer of clean moly-base grease or engine assembly lube to both of them. 
You'll have to push the piston into the cylinder to expose the face of the 
bearing insert in the connecting rod — be sure to slip the protective hoses 
over the rod bolts first. 
21 Slide the connecting rod back into place on the journal, remove the 
protective hoses from the rod cap bolts, install the rod cap and tighten the 
nuts to the specified torque. Again, work up to the torque in three steps. 
22 Hepeat the entire procedure for the remaining pistons/connecting 
rods. 
23 The important points to remember are: 
a) Keep the back sides of the bearing inserts and the insides of the 
connecting rods and caps perfectly clean when assembling them. 
b) Makesure you have the correct piston/rod assembly for each cylin- 
der. 
) The notch or mark on the piston must face the proper direction. 
) Lubricate the cylinder walls with clean oil. 
e) Lubricate the bearing faces when installing the rod caps after the 
oil clearance has been checked. 
24 Afterall the piston/connecting rod assemblies have been properly in- 
stalled, rotate the crankshaft a number of times by hand to check for any 
obvious binding. 
25 As a final step, the connecting rod endplay must be checked as de- 
scribed under Piston/connecting rods — removal earlier in this Chapter. 
26 Compare the measured endplay to the Specifications to make sure 
it's correct. If it was correct before disassembly and the original crankshaft 
and rods were reinstalled, it should still be right. If new rods or a new crank- 
shaft were installed, the endplay may be inadequate. If so, the rods will 
have to be removed and taken to an automotive machine shop for resizing. 


Initial start-up and break-in after overhaul 


Warning: Have a fire extinguisher handy when starting the engine for the 


first time. 

1 Once the engine has been installed in the vehicle, double-check the 
engine oil and coolant levels. 

2 With the glow plugs out of the engine (see the Compression check 
procedure earlier in this Chapter), crank the engine until oil pressure regis- 
ters on the gauge or the light goes out. 

3 Install the glow plugs. 

4  Withtheinjector pump statically timed, start the engine. It may take a 
few moments for the fuel system to build up pressure, but the engine 
should start without a great deal of effort. | 

5  Afterthe engine starts, it should be allowed to warm up to normal op- 
erating temperature. While the engine is warming up, make a thorough 
check for fuel, oil and coolant leaks. 

6 Shut the engine off and recheck the engine oil and coolant levels. 

7 Drive the vehicle to an area with minimum traffic, accelerate at full 
throttle from 30 to 50 mph, then allow the vehicle to slow to 30 mph with the 
throttle closed. Repeatthe procedure 10 or 12 times. This willload the pis- 
ton rings and cause them to seat properly against the cylinder walls. 
Check again for oil and coolant leaks. 

8 Drive the vehicle gently for the first 500 miles (no sustained high 
speeds) and keep a constant check on the oil level. itis not unusual for an 
engine to use oil during the break-in period. 

9  Atapproximately 500 to 600 miles, change the oil and filter. 

10 For the next few hundred miles, drive the vehicle normally. Do not 
pamper it or abuse it. 

11 After 2000 miles, change the oil and filter again and consider the en- 
gine broken in. 
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Electric drills: 1-21 
Electrical system (Ford): 3-32 
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charging system, check: 3-42 
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general information and precautions: 3-32, 42 
glow plugs, diagnosis: 3-32 
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diagnosis: 2-46 
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timing chain and sprockets, inspection, removal 
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Engine overhaul: 4-1 through 46 


break-in: 4-46 
compression check: 4-17 
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inspection: 4-34 
installation and main bearing oil clearance check: 4-41 
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disassembly: 4-20 
reassembly: 4-26 
cylinder honing: 4-31 
disassembly sequence: 4-19 
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cleaning: 4-29 
inspection: 4-31 
engine removal, methods and precautions: 4-18 
general information and diagnosis: 4-11 
initial start-up after overhaul: 4-46 
main and connecting rod bearings, inspection: 4-34 
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pistons/connecting rods 
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gloves: 1-24 
Exhaust Gas Recirculation (EGR) systems, GM: 2-88 
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Ford: 3-51 
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Facilities, working: 1-4 

Fan and fan clutch, removal and installation 
Ford: 3-17 
GM: 2-14 

Fasteners: 1-35 through F4 

Fault finding: 1-42 

Files: 1-16 

Fire: 1-41 

Fire extinguishers: 1-24 
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Ford: 3-4 
GM: 2-3 
Flywheel/driveplate, removal and installation 
Ford: 3-61 4 
ОМ: 2-139 
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Fuel filter replacement 
Ford: 3-6 
GM: 2-5 
Fuel system (Ford) 
cleaning: 3-21 
contamination: 3-20 
fuel heater: 3-41 
fuel injection nozzles: 3-27 
fuel lines: 3-25 
general information: 3-20 
idle speed, check and adjustment: 3-31 
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injection pump, timing: 3-30 
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general information: 3-23 
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testing: 3-24 
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check: 3-22 
removal and installation: 3-23 
Fuel system (GM) 
cleaning: 2-20 
contamination: 2-20 
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fuel filters, general information: 2-24 
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general information: 2-16 
high pressure system, general information: 2-33 
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dynamic timing: 2-42 
removal and installation: 2-39 
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general information: 2-20 
removal and installation: 2-22 
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Gasket sealing surfaces: 1-39 
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Glow plugs 
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Ford: 3-32 
GM: 2-46 
general information, GM: 2-45 
Goggles, safety: 1-25 
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Hacksaws: 1-15 

Hammers: 1-14 

Hand tools: 1-6 

Hose removal tips: 1-39 

Hoses, check and replacement, GM: 2-12 

How diesel engines ara different: 1-1 

Hydraulic lifter removal tool: 1-30 

Hydraulic lifters, removal, inspection and installation 
GM: 2-129 
Ford: 3-57 


Idle speed adjustment 
Ford: 3-31 
GM: 2-43 
Impact drivers: 1-10 
In-vehicle engine repairs 
Ford: 3-45 
GM: 2-119 
Inside micrometers: 1-34 
Intake manifold, removal and installation 
Ford: 3-50 
GM: 2-124 
Introduction to diesel engines: 1-1 
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Leakdown tester: 1-26 
Lighting: 1-4 
Lubricants: 1-40 through 56 


Main and connecting rod bearings, inspection: 4-34 
Maintenance schedule 
Ford 6.9L and 7.3L engines: 3-4 
GM 5.7L and 6.2L engines: 2-3 
Micrometers: 1-31 
inside: 1-34 
Multimeter: 1-26 
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Oil, change 
Ford: 3-7 
GM: 2-7 
Oil level check, GM: 2-3 
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Oil pan, removal and installation 
Ford: 3-59 
GM: 2-137 

Oil pressure gauge: 1-26 

Oil pump, removal and installation 
Ford: 3-61 
GM: 2-139 

Owner maintenance: 1-1 through 56 
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Piston 
ring compressor: 1-30 
ring expander: 1-31 
ring groove cleaner: 1-30 
Piston rings, installation: 4-35 
Pistons/connecting rods 
inspection: 4-33 
installation and rod bearing oil clearance check: 4-43 
removal: 4-27 
Pliers: 1-11 
Positive Crankcase Ventilation (PCV) system, general information 
and servicing: 2-85 
Precision measuring tools: 1-31 
Pullers: 1-18 
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Radiator fan and fan clutch, removal and installation, GM: 2-14 
Ridge reamer: 1-29 
Rocker arms and pushrods, removal, inspection and installation 
Ford: 3-46 
GM: 2-120 
Routine maintenance: 1-1 through 56 
Ford 6.9L and 7.3L engine: 3-4 
GM 5.7L and 6.2L engines: 2-3 
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Safety first!: 1-41 through 56 
Safety goggles: 1-25 
Screwdrivers: 1-12 
Sockets: 1-6 
Spark tester: 1-26 
Starter motor, check 
Ford: 3-43 
GM: 2-83 
Starting system (Ford), general information and precautions: 3-43 
Starting system (GM), general information and precautions: 2-82 
Storage: 1-5 
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Taps and dies: 1-17 
Terminology: 1-2 
Thermostat, check and replacement 
Ford: 3-14 
GM: 2-13 . 
Throttle cable check and lubrication, Ford: 3-13 


Timing chain and sprockets, inspection, removal and 
installation (GM): 2-134 
Timing chain cover, removal and installation, GM: 2-132 
Tool, quality, determining: 1-6 
Tools: 1-5 
buying: 1-5 
chisels: 1-14 
diagnostic: 1-25 
combustion leak block tester: 1-25 
compression gauge: 1-25 
cooling system pressure tester: 1-25 
leakdown tester: 1-26 
multimeter: 1-26 
oil pressure gauge: 1-26 
spark tester: 1-26 
vacuum gauge: 1-26 
vacuum/pressure pump: 1-27 
dies: 1-17 
drilling equipment: 1-22 
electric drills: 1-21 
engine rebuilding: 1-28 
clutch alignment tool: 1-29 
cylinder hone: 1-29 
engine hoist: 1-28 
engine stand: 1-28 
hydraulic lifter removal tool: 1-30 
piston ring compressor: 1-30 
piston ring expander: 1-31 
piston ring groove cleaner: 1-30 
ridge reamer: 1-29 
valve spring compressor: 1-31 
files: 1-16 
grinder: 1-21 
hacksaws: 1-15 
hammers: 1-14 
hand: 1-6 
impact drivers: 1-10 
pliers: 1-11 
precision measuring: 1-31 
calipers: 1-33 
dial bore gauge: 1-35 
dial indicators: 1-33 
micrometers: 1-31 
inside: 1-34 
pullers: 1-18 
punches: 1-14 
Screwdrivers: 1-12 
Sockets: 1-6 
using: 1-10 
storage and care: 1-35 
taps and dies: 1-17 
torque wrenches: 1-10 
vise: 1-20 
wrenches: 1-6 
using: 1-10 
Torque wrenches: 1-10 
Trouble codes (GM): 2-112 
Troubleshooting: 1-42 
Tune-up and routine maintenance: 1-1 through 56 


U 


Underhood hose, check and replacement 
Ford: 3-13 
GM: 2-12 

Using wrenches and sockets: 1-10 


——————————__ 


Index IND — 5 


V үү 


Vacuum gauge: 1-26 Water pump 
Vacuum pump check 
general information, GM: 2-111 Ford: 3-18 
removal and installation — - GM: 2-15 
Ford: 3-64 removal and installation 
GM: 2-123 Ford: 3-18 
Vacuum/pressure pump: 1-27 GM: 2-15 
Valve covers, removal and installation Workbenches: 1-5 
Ford: 3-45 Working facilities: 1-4 
GM: 2-119 Workshop 
Valve spring compressor: 1-31 designing: 1-4 
Valve springs, retainers and seals electricity: 1-4 
replacement, Ford: 3-47 lighting: 1-4 
replacement in vehicle, GM: 2-122, storage: 1-5 
Vibration damper, removal and installation workbenches: 1-5 
Ford: 3-52 Wrenches: 1-6 
GM: 2-131 torque: 1-10 


Vise: 1-20 
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HAYNES AUTOMOTIVE MANUALS 


NOTE: New manuals are added to this list on a periodic basis. If you do not see a listing for your vehicle, 


consult your local Haynes dealer for the latest product information. 


ACURA 
1776 Integra & Legend '86 thru '90 


AMC 


Jeep CJ – see JEEP (412) 
694 Mid-size models, Concord, 
Hornet, Gremlin & Spirit '70 thru '83 
934 (Renault) Alliance & Encore 
all models '83 thru '87 


615 4000 all models '80 thru '87 . 
428 5000 all models '77 thru '83 
1117 5000 all models '84 thru '88 


AUSTIN 


Healey Sprite — see MG Midget 
Roadster (265) 


276 320i all 4 су! models '75 thru '83 

632 528i & 530i all models '75 thru '80 

240 1500 thru 2002 all models except 
Turbo '59 thru '77 

348 2500, 2800, 3.0 & Bavaria '69 thru '76 


Century (front wheel drive) — see 
GENERAL MOTORS A-Cars (829) 
*1627 Buick, Oldsmobile & Pontiac Full-size 
(Front wheel drive) all models '85 thru '93 
Buick Electra, LeSabre and Park Avenue; 
Oldsmobile Delta 8^ Royale, Ninety Eight 
and Regency; Pontiac Bonneville 
*1551 Buick Oldsmobile & Pontiac 

Full-size (Rear wheel drive) 
Buick Electra '70 thru '84, Estate 
"70 thru '90, LeSabre '70 thru '79 
Oldsmobile Custom Cruiser 
"70 thru '90, Delta 88 '70 thru '85, 
Ninety-eight '70 thru '84 
Pontiac Bonneville '70 thru '81, 
Catalina '70 thru '81, Grandville 
'70 thru '75, Parisienne '84 thu '86 

627 Mid-size all rear-drive Regal & 
Century models with V6, V8 and 
Turbo '74 thru '87 
Regal — see GENERAL MOTORS (1671) 

hawk — see GENERAL 
OTORS J-Cars (766) 
552 Skylark all X-car models '80 thru '85 


CADILLAC 


*751 Cadillac Rear Whee! Drive 
all gasoline models '70 thru '90 
Cimarron — see GENERAL 
MOTORS J-Cars (766) 


CAPRI 
296 2000 MK I Coupe all models '71 thru '75 
205 2600 & 2800 V6 Coupe '71 thru '75 
375 2800 Mk II V6 Coupe 775 thru '78 
Mercury Capri — see FORD Mustang (654) 


CHEVROLET 
*1477 Astro & GMC Safari Mini-vans 
all models '85 thru '91 
554 Camaro V8 all models '70 thru '81 
*866 Camaro all models '82 thru '91 
Cavalier – see GENERAL MOTORS 
J-Cars (766) 
Celebrity — see GENERAL 
MOTORS A-Cars (829) 
625 Chevelle, Malibu & El Camino all 
V6 & V8 models '69 thru '87 
449 Chevette & Pontiac T1000 
all models '76 thru '87 
550 Citation all models '80 thru '85 
*1628 Corsica/Beretta all models '87 thru '92 
274 Corvette all V8 models '68 thru '82 
*1336 Corvette all models '84 thru '91 


Full-size Sedans Caprice, Impala, 
Biscayne, Bel Air & Wagons, all V6 & 
V8 models '69 thru '90 
Lumina – see GENERAL MOTORS (1671) 
Lumina APV – see GENERAL 

MOTORS (2035) 
Luv Pick-up all 2WD & 4WD 
models '72 thru '82 
Monte Carlo all V6, V8 & Turbo 
models '70 thru '88 
Nova all V8 models '69 thru '79 
Nova and Geo Prizm all front wheel drive 
models, '85 thru '90 
Pick-ups '67 thru '87 — Chevrolet & GMC, 
all full-size models '67 thru '87; Suburban, 
Blazer & Jimmy '67 thru '91 
Pick-ups '88 thru '92 — Chevrolet & GMC 
all full-size (C and K) models, '88 thru '92 
Sprint & Geo Metro '85 thru '91 
S-10 & GMC S-15 Pick-ups all 
models '82 thru '92 
Vans - Chevrolet & GMC, V8 & 
in-line 6 cyl models '68 thru '92 


CHRYSLER 


*1337 


Chrysler & Plymouth Mid-size 
front wheel drive '82 thru '89 

K-Cars — see DODGE Aries (723) 
Laser — see DODGE Daytona (1140) 


DATSUN 


402 
647 


200SX all models '77 thru '79 

200SX all models '80 thru '83 

B-210 all models '73 thru '78 

210 all models '78 thru '82 

240Z, 2602 & 280Z Coupe & 2+2 

70 thru '78 

280ZX Coupe & 242 '79 thru '83 

300ZX — see NISSAN (1137) 

310 all models '78 thru '82 

510 & PL521 Pick-up '68 thru '73 

510 all models '78 thru '81 

610 all models '72 thru '76 

620 Series Pick-up all models 73 thru '79 

720 Series Pick-up — see NISSAN 
Pick-ups (771) 

810/Maxima all gasoline models 

'77 thru '84 

1200 all models '70 thru '73 

F10 all models '76 thru '79 

Pulsar — see NISSAN (876) 

Sentra — see NISSAN (982) 

Stanza — see NISSAN (981) 


DODGE 


"723 
*1231 


Aries & Plymouth Reliant 

all models '81 thru '89 

Caravan & Plymouth Voyager 
Mini-Vans all models '84 thru '91 
Challenger & Plymouth Saporro 

all models '78 thru '83 

Colt all models '71 thru '77 

Colt & Plymouth Champ (front 

wheel drive) all models '78 thru '87 
D50/Ram 50/Plymouth Arrow Pick-ups 
& Raider '79 thru '91 

Dakota Pick-up all models '87 thru '90 
Dart & Plymouth Valiant all 6 cyl 
models '67 thru '76 

Daytona & Chrysler Laser 

all models '84 thru '89 

Omni & Plymouth Horizon 

all models '78 thru '90 

Pick-ups all full-size models '74 thru '91 
Shadow & Plymouth Sundance '87 thru '91 
Spirit & Plymouth Acclaim '89 thru '92 
Vans — Dodge & Plymouth 

V8 & 6 cyl models '71 thru '91 


124 Sport Coupe & Spider '68 thru '78 


359 
773 


*654 


357 
231 


649 


*1670 
*1026 


*1421 
*1418 


1338 


*1725 
*344 


Strada all models '79 thru '82 
X1/9 all models '74 thru '80 


Aerostar Mini-vans all models '86 thru '92 
Bronco and Pick-ups '73 thru '79 
Bronco and Pick-ups '80 thru '91 
Courier Pick-up all models '72 thru '82 
Escort & Mercury Lynx all models 
'81 thru '90 
Escort & Mercury Tracer all models 
'91 thru '93 
Explorer & Mazda Navajo '91 thru '92 
Fairmont & Mercury Zephyr all 
in-line & V8 models '78 thru '83 
Fiesta all models '77 thru '80 
Ford & Mercury Full-size, 
Ford LTD & Mercury.Marquis 
(75 thru '82); Ford Custom 500, 
Country Squire, Crown Victoria & 
Mercury Colony Park (75 thru '87); 
Ford LTD Crown Victoria & Mercury 
Gran Marquis (83 thru '87) 
Granada & Mercury Monarch all 
in-line, 6 cyl & V8 models '75 thru '80 
Ford & Mercury Mid-size, 
Ford Thunderbird & Mercury Cougar 
(75 thru '82); Ford LTD & Mercury 
Marquis ('83 thru '86); Ford Torino, 
Gran Torino, Elite, Ranchero pick- 
up, LTD II, Mercury Montego, 
Comet, XR-7 & Lincoln Versailles 
(75 thru '86) 
Mustang & Mercury Capri all 
models including Turbo '79 thru '92 
Mustang V8 all models '64-1/2 thru '73 
Mustang Il all 4 cyl, V6 & V8 models 
'74 thru '78 
Pinto & Mercury Bobcat 
all models '75 thru '80 
Probe all models '89 thru '92 
Ranger & Bronco II all gasoline 
models '83 thru '92 
Taurus & Mercury Sable '86 thru '92 
Tempo & Mercury Topaz all 

asoline models '84 thru '91 

hunderbird & Mercury 
Cougar/XR7 '83 thru '88 
Thunderbird & Mercury Cougar '89 and '90 
Vans all V8 Econoline models '69 thru '91 


GENERAL MOTORS 


*829 


*766 


*1420 


*1671 


*2035 


GEO 


GMC 


A-Cars — Chevrolet Celebrity, Buick 
Century, Pontiac 6000 & Oldsmobile 
Cutlass Ciera all models '82 thru '90 
J-Cars — Chevrolet Cavalier, 

Pontiac J-2000, Oldsmobile 

Firenza, Buick Skyhawk & Cadillac 
Cimarron all models '82 thru '92 

N-Cars — Buick Somerset '85 thru '87; 
Pontiac Grand Am and Oldsmobile Calais 
'85 thru '91; Buick Skylark '86 thru '91 

GM: Buick Regal, Chevrolet Lumina, 
Oldsmobile Cutlass Supreme, 

Pontiac Grand Prix, all front wheel drive 
models '88 thru '90 

GM: Chevrolet Lumina APV, Oldsmobile 
Silhouette, Pontiac Trans Sport '90 thru '92 


Metro — see CHEVROLET Sprint (1727) 
Prizm — see CHEVROLET Nova ( 1642) 
Tracker – see SUZUKI Samurai (1 626) 


Safari - see CHEVROLET ASTRO (1477) 
Vans & Pick-ups — see 
CHEVROLET (420, 831, 345, 1664) 


(continued on next page) 
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* Listings shown with an asterisk ( * ) indicate model coverage as of this printing. These titles will be periodically 
updated to include later model years — consult your Haynes dealer for more information. 
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HAYNES AUTOMOTIVE MANUALS 


NOTE: New manuals are added to this list on a periodic basis. If you do not see a listing for your vehicle, 


(continued from 
previous page) 


consult your local Haynes dealer for the latest product information. 


HONDA 


351 Accord CVCC all models '76 thru '83 
*1221 Accord all models '84 thru '89 

160 Civic 1200 all models '73 thru '79 

633 Civic 1300 & 1500 CVCC all models 

'80 thru '83 

297 Civic 1500 СУСС all models '75 thru '79 

*1227 Civic all models '84 thru '91 
*601 Prelude CVCC all models '79 thru '89 


HYUNDAI 
*1552 Excel all models '86 thru '91 


ISUZU 


*1641 Trooper & Pick-up, all gasoline models 
'81 thru '91 


JAGUAR 


*242 XJ6 all 6 cyl models '68 thru '86 
*478 ХЈ12 & XJS all 12 cyl models '72 thru '85 


JEEP 


*1553 Cherokee, Comanche & Wagoneer 
А Limited all models '84 thru '91 
412 CJall models '49 thru '86 

*1777 Wrangler all models '87 thru '92 


'LADA 


*413 1200, 1300. 1500 & 1600 all models 
including Riva '74 thru '86 


MAZDA 


648 626 Sedan & Coupe (rear wheel 
drive) all models '79 thru '82 
1082 626 & MX-6 (front wheel drive) all models 
'83 thru '91 
370 GLC Hatchback (rear wheel drive) 
all models '77 thru '83 
757 GLC (front wheel drive) all models 
'81 thru '86 
*2047 MPV '89 thru '93 
Navajo — see FORD Explorer (2021) 
*267 Pick-ups '72 thru '92 
460 RX-7 all models '79 thru '85 
*1419  RX-7 all models '86 thru '91 


MERCEDES-BENZ 


*1643 190 Series all four-cylinder gasoline 

models, '84 thru '88 

346 230,250 & 280 Sedan, Coupe & 
Roadster all 6 cyl sohc models '68 thru '72 

983 280 123 Series all gasoline models 
'77 thru '81 

698 350 & 450 Sedan, Coupe & 
Roadster all models '71 thru '80 

697 Diesel 123 Series 200D, 220D, 
240D, 240TD, 300D, 300CD, 
300TD, 4- & 5-cyl incl. Turbo '76 thru '85 


MERCURY 
For all PLYMOUTH titles 
see FORD Listing 
мс 


111 MGB Roadster & at Coupe 
all models '62 thru '80 

265 MG Midget & Austin Healey Sprite 
Roadster '58 thru '80 


MITSUBISHI 

*1669 Cordia, Tredia, Galant, Precis & 
і Mirage '83 thru '90 

*2022 Pick-ups & Montero '83 thru '91 

MORRIS 


074 (Austin) Marina 1.8 all models '71 thru '80 
024 Minor 1000 sedan & wagon '56 thru '71 


NISSAN 


1137 30027Х all Turbo & non-Turbo 
models '84 thru '89 


* Listings shown with an asterisk ( * ) indicate model coverage as of this printing. These titles will be 
. .. , updated to include later model years — consult your Haynes dealer for more information. 


*1341 Maxima all models '85 thru '91 
*771 Pick-ups/Pathfinder gas models 
'80 thru '91 
*876 Pulsar all models '83 thru '86 
*982 Sentra all models '82 thru '90 
*981 Stanza all models '82 thru '90 


OLDSMOBILE 


Custom Cruiser — see BUICK 

Full-size (1551) 
658 Cutlass all standard gasoline V6 & 

V8 models '74 thru '88 

Cutlass Ciera - see GENERAL 
MOTORS A-Cars (829) 

Cutlass Supreme — see GENERAL 
MOTORS (1671) 

Firenza — see GENERAL MOTORS 
J-Cars (766) 

Ninety-eight — see BUICK 
Full-size (1551 

Omega - see PONTIAC Phoenix & 
Omega (551) . 

Silhouette — see GENERAL 
MOTORS (2035) 


PEUGEOT 
663 504 all diesel models '74 thru '83 


PLYMOUTH 


For all PLYMOUTH titles, 
see DODGE listing. 


PONTIAC 


T1000 — see CHEVROLET 
Chevette (449) 
J-2000 — see GENERAL 
MOTORS J-Cars (766) 
6000 — see GENERAL 
MOTORS A-Cars (829) 
1232 Fiero all models '84 thru '88 
555 Firebird all V8 models except Turbo 
'70 thru '81 
*867 Firebird all models '82 thru '91 
Full-size Rear Wheel Drive — see 
Buick, Oldsmobile, Pontiac 
Full-size (1551) 
Grand Prix – see GENERAL 
MOTORS (1671) 
551 Phoenix & Oldsmobile Omega 
all X-car models '80 thru '84 
Trans Sport — see GENERAL 
MOTORS (2035) 


PORSCHE 


*264 911 all Coupe & Targa models 
except Turbo & Carrera 4 '65 thru '89 
239 914 all 4 cyl models '69 thru.'76 
397 924 all models including Turbo '76 thru '82 
*1027 944 all models including Turbo '83 thru '89 


RENAULT 


141: 5Le Car all models '76 thru '83 

079 8 & 10 all models with 58.4 cu in 
engines '62 thru '72 

097 12Saloon & Estate all models 
1289 cc engines '70 thru '80 

768 15 &17 all models '73 thru '79 

081 16 all models 89.7 cu in & 95.5 cu in 
engines '65 thru '72 
Alliance & Encore — see AMC (934) 


SAAB 
247 99 all models including Turbo '69 thru '80 
*980 900 all models including Turbo '79 thru '88 
SUBARU 


237 1100, 1300, 1400 & 1600 
all models '71 thru '79 
*681 1600 & 1800 2WD & 4WD 
all models '80 thru '89 


periodically 


SUZUKI 
*1626 Samurai/Sidekick and Geo 
Tracker all models '86 thru '91 


TOYOTA 
*1023 Camry all models '83 thru '91 
150 Carina Sedan all models '71 thru '74 
*2038 Celica Front Wheel Drive '86 thru '92 
935 Celica Rear Wheel Drive '71 thru '85 
*1139 Celica Supra '79 thru '92 
361 Corolla all models '75 thru '79 
961 Corolla all models (rear wheel drive) 
'80 thru '87 
*1025 Corolla all models (front wheel 
drive) '84 thru '91 
*636 Corolla Tercel all models '80 thru '82 
230 Corona & MK Il all 4 cyl sohc 
models '69 thru '74 
360 Corona all models '74 thru '82 
*532 Cressida all models '78 thru '82 
313 Land Cruiser all models '68 thru '82 
200 MK Il all 6 cyl models 72 thru '76 
*1339  MR2 all models '85 thru '87 
304 Pick-up all models '69 thru '78 
*656 Pick-up all models '79 thru '92 


TRIUMPH 


112 GT6 & Vitesse all models '62 thru '74 
113 Spitfire all models '62 thru '81 
322 TR7 all models '75 thru '81 


159 Beetle & Karmann Ghia all 
models '54 thru '79 
238 Dasher all gasoline models '74 thru '81 
*884 Rabbit, Jetta, Scirocco, & Pick-up 
all gasoline models '74 thru '91 & 
Convertible '80 thru '91 
451 Rabbit, Jetta & Pick-up all diesel 
models '77 thru '84 
082 Transporter 1600 all models '68 thru '79 
226 Transporter 1700, 1800 & 2000 all 
models '72 thru '79 
084 Type 3 1500 & 1600 all models '63 thru '73 
1029 Vanagon all air-cooled models '80 thru '83 


VOLVO 


203 120, 130 Series & 1800 Sports '61 thru '73 | 

129 140 Series all models '66 thru '74 | 
*270 240 Series all models '74 thru '90 
400 260 Series all models '75 thru '82 

*1550 740 & 760 Series all models '82 thru '88 


SPECIAL MANUALS 


1479 Automotive Body Repair & 
Painting Manual 
1654 Automotive Electrical Manual 
1480 Automotive Heating & Air 
Conditioning Manual 
1762 Chevrolet Engine Overhaul Manual 
1736 Diesel Engine Repair Manual 
1667 Emission Control Manual 
1763 Ford Engine Overhaul Manual 
482 Fuel Injection Manual 
1666 Small Engine Repair Manual 
299 SU Carburetors thru '88 
393 Weber Carburetors thru '79 
300 SIDES CD Carburetors 
ru’ 


See your dealer for other available titles 


Over 100 Haynes 
motorcycle manuals 


also available 1-93 


у | 


Haynes North America, Inc., 861 Lawrence Drive, Newbury Park, CA 91320 e (805) 498-6703 


The Haynes 
: a| Diesel Engine | 
loge gre Repair Manual 


Frame 

A comprehensive guide covering 
troubleshooting, tune-up, | 
maintenance and repair of the | 
most popular diesel engines used 
in cars and trucks from General | 
Motors and Ford. Written for the 
do-it-yourselfer - good enough 
for the pro! 


Included in this manudl are: 
Tools and equipment 
Shop practices 
Troubleshooting 
Routine maintenance 


Engine repairs and overhaul 
Cooling system 


NJECTION PUMP Fuel system 
INJECTION PUMP | 


VACUUM PUMP ved Electrical system 
FUEL FILTER | 


Step-by-step instructions | 


Fully illustrated for the 
home mechanic г 


FUEL RE М 
SYSTEM \ 


INJECTION 4? 
мог С 


NJECTION PUMP 
DRIVE GEARS 


ABCDE 
FGHIJ 
KLM 


сьо ыша 


PREGHAMBER 
38345"0 


TIMING CHAIN 


ISBN 1 85010 736 X 
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